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Obituary Notice 


H. P. MARKS, 1894-1944 


H. P. Marks, whose death occurred on 13 September 
1944 after a short illness, had been a member of the 
Biochemical Society since 1921. After being trained 
as a chemist and serving in the Navy during the last 
war Marks became an attached worker at the 
National Institute for Medieal Research (Medical 
Research Council) in 1922, and was appointed a full 
member of the staff in 1927. His move to Hampstead 
occurred at the time when interest in insulin was 
rapidly growing and Marks quickly became con- 
cerned with research work on the various aspects 
of the action of insulin, including its biological 
assay, and his work from that time on was mainly 
concerned with carbohydrate metabolism. During 
the last 10 years he had become interested in the 
influence of the pituitary gland on carbohydrate 
metabolism, and had published a number of papers 
on this aspect of the subject. For the two years 
immediately before his death he had been concerned 
with research work of a rather exacting nature on 
matters of national importance, and had not spared 
himself in the exhausting experiments which he had 
undertaken. His unexpected death was a great 
shock to his colleagues and friends, since he had 
been working with full enthusiasm until immediately 
before his final illness. 


Among his many interests Marks was a micro- 
chemist of some standing and had visited Graz in 
1925 to take a special course in this subject. His 
work on the standardization of insulin has been of 
the utmost importance in the provision of acceptable 
International Standard preparations of this im- 
portant substance, and his interest in biological 
standardization in this connexion led Marks to 
make some useful contributions on the general ques- 
tion of biological assay. 

Marks was rather shy and was not so well known 
among the members of the Biochemical Society as 
might have been expected from his scientific stand- 
ing and experience, but his easy good nature led 
him to make friends of all those with whom he 
associated in his work and in other activities. 
During the present war his determination to con- 
tribute to the defence of the country led him to 
become both an Air Raid Warden and a member of 
the Home Guard, an undertaking that would have 
taxed the strength of a much younger man. 

He leaves a widow and a young daughter, to 
whom the sympathy of the many friends and col- 
leagues of ‘H. P.’ will go out in the present troubled 
times. 

F. G. YOUNG 


The Isolation of Barium and Calcium Diketo-l-gulonates and 
the Biological Significance of 2:3-Diketo-l-gulonic Acid 


By J. R. PENNEY anp 5S. 8. ZILVA (Member of the Scientific Staff, Medical Research Council), 
Division of Nutrition, Lister Institute, London 


(Received 6 October 1944) 


To explain their observation that dehydro-l-ascorbic 
acid mutarotates in aqueous solution, Herbert, 
Hirst, Percival, Reynolds & Smith (1933) postulated 
the formation of 2:3-diketo-l-gulonic acid as a result 
of the gradual opening of the lactone ring. Their 
subsequent work and that of others have fully sup- 
ported this theory, although Ghosh & Rakshit (1938) 
and Rosenfeld (1943) have suggested an alternative 
mechanism. 

An outstanding characteristic of mutarotated 
solutions is that they apparently afford no anti- 
scorbutiec protection to guinea-pigs, although [- 
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ascorbic acid can be regenerated from the solutions 
by reduction with HI. In other words, the indication 
is that the ring closure effected in vitro does not 
take place in vivo. The use of mutarotated solutions 
in these biological experiments introduced some 
degree of uncertainty and it was obviously desirable 
to employ the pure substance which has hitherto 
not been isolated. Another point of interest is that 
when mutarotated solutions are reduced with H,S 
an indophenol-reducing substance is produced which 
has been generally assumed to consist entirely of 
l-ascorbie acid derived from the residue of uncon- 
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verted dehydro-l-ascorbie acid. Although this as- 
sumption was made in determining diketo-l-gulonic 
acid indirectly, it was never demonstrated that the 
indophenol reduction was due to l-ascorbice acid 
alone. This point, too, could not be cleared up con- 
veniently until diketo-l-gulonic acid was actually 
isolated. 

This communication deals with the isolation of 
the barium and calcium salts of diketo-l-gulonic acid 
and with biological experiments which, in our 
opinion, settle in a satisfactory fashion the points 
raised above. Owing to its instability the free acid 
has not yet been obtained by us from the salts. 


EXPERIMENTAL 


Preparation of mutarotated solutions of 
dehydroascorbic acid 


The following methods were adopted: 

(1) 0-88 g. of ascorbic acid was oxidized with the theore- 
tical quantity of n-KIO, (10 ml.). 5 ml. of n-NaOH were 
then added slowly in order to convert the dehydroascorbic 
acid into its mutarotated product. The resulting solution 
was slightly yellow but became colourless when adjusted 
to pH 3 with HI. 

(2) 0-88 g. of ascorbic acid was oxidized with the theore- 
tical amount of 0-5n-I,, KHCO, being added to adjust the 
pH to 1. It was found that the oxidation was not complete 
until some of the HI produced had been neutralized. After 
mutarotation for 4 days at room temperature, the pH of 
the solution was raised to about 3 by the further addition 
of bicarbonate. 


Preparation of barium diketogulonate 


0-8 g. of Bal, (approximately 80% of the theoretical) was 
added to each of the above mutarotated solutions. Ethanol 
was then added until its final concentration was 80% by 
volume. The flocculent white precipitate was collected after 
cooling to 5°, washed thoroughly with absolute ethanol at 5°, 
and finally with cooled ether. The adhering ether was allowed 
to evaporate at room temperature. Yield =60%. (From 
mutarotated solutions prepared by method (1)—found: 
C, 21-8; H, 4-4; Ba, 20-7%. From mutarotated solutions 
prepared by method (2)—found: C, 21-7; H, 4-5; Ba, 20-9%. 
Ba diketogulonate (C,,H,,0,,Ba.8H,O) requires: C, 21-7; 
H, 4-5; Ba, 20-7%.) The salt was kept at 0°; when allowed 
to stand atc. 20° in air, in N, or in vacuo, the white substance 
turned yellow, the change in colour being accelerated by a 
slight rise in temperature. At — 20°, however, no discolora- 
tion developed in 14 days. 

Oxidation with I, in alkaline solution. When I, in alkaline 
solution is added to diketogulonic acid the carbon chain is 
ruptured with the formation of oxalic and |-threonic acids 
(Herbert et al. 1933). The I, used in the oxidation of the 
isolated Ba salt, the amount. of total acid and the quantity 
of oxalic acid formed were estimated as follows. 

A known quantity of the salt (about 0-1 g.) was dissolved 
in water and 20 ml. of 0-1N-I, added, followed by 25 ml. of 
0-In-NaOH. After standing for 15 min., the solution was 
acidified with 20 ml. of 0-1N-HCl and the excess I, back- 
titrated with 0-1N-Na,S,0,. The I, used in the oxidation 
was thus obtained by difference. The amount of acid pro- 
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duced was determined by titrating the resulting solution 
with 0-1N-NaOH. Oxalic acid formed as the result of the 
oxidation was estimated by precipitation as calcium oxalate 
and by subsequent titration with KMnO,. 0-166 g. of the 
Ba salt required 9-9 ml. 0-1N-I, for oxidation into oxalic 


. and threonic acids and 19-75 ml. 0-1N-NaOH to neutralize 


the acids formed. Calc. for C,,H,,0,,Ba.8H,O: 10-05 ml. 
0-1N-I, and 20-1 ml. 0-1N-NaOH. Oxalic acid produced: 
94% of theoretical. 

Colorimetric estimation with 2:4-dinitrophenylhydrazine. 
The salt was assayed for diketogulonic acid by the method 
of Penney & Zilva (19434). Amount present (calc. on above 
formula for Ba salt), 0-50 mg.; found, 0-49 mg. 

Reaction with HI. 0-8 g. of the Ba salt was treated with 
the calculated quantity of H,SO, and the BaSO, removed 
by filtration. The filtrate was evaporated with 2-5 ml. of 
2n-HI. To promote rapid evaporation, the solution was 
spread over a large glass plate in a very thin film. A current 
of warm air was directed over the surface of the plate and 
when evaporation was complete, the brown residue, washed 
in turn with chloroform, acetone and ethanol, gave ascorbic 
acid as a buff-coloured powder (purity =97 % by indophenol 
titration). Yield =35%, m.p. 188° (decomp.). Mixed m.p. 
with authentic sample of ascorbic acid 190° (decomp.). 
[a]3%° in water = + 22° (c =0-305). 

Preparation of the 2:4-dinitrophenylosazone. The 2:4- 
dinitrophenylosazone was prepared as previously described 
(Penney & Zilva, 19435). Crude yield =80%, m.p. 280° 
(decomp.). Mixed m.p. with derivative prepared from 
mutarotated solution unchanged. (Found: N, 20-9%; 
C,gH,,0,2N, requires 21-0%.) 

Specific rotation of the Ba salt in 0-1N-HCl. [a] = —6-8° 
(c=1-00), whence [x]? for diketogulonic acid in 0-LyN- 
HCl= -11-8°. 


Preparation of calcium diketogulonate 


The procedure was similar to that adopted in the pre- 
paration of the Ba compound. The Ca salt was precipitated 
with Cal, and ethanol from a mutarotated solution prepared 


by method 1 (above). Yield=50%. (Found: C, 25-7; 
H, 5-1; Ca, 7-2%. Cy.H,,0,,Ca.8H,O requires: C, 25-5; 
H, 5-3; Ca, 7-1%.) ' 

Oxidation with I, in alkaline solution. 9-105 g. of the Ca 
salt required 7-45 ml. 0-1N-I, for oxidation to oxa... and 
threonic acids and 14-6 ml. 0-1N-NaOH to neutralize the 
acids formed. Calc. for C,,H,,0,,Ca.8H,0: 7-5 ml. 0-1 N-I, 
and 15-0 ml. 0-1N-NaOH. ‘ 

Colorimetric estimation with 2:4-dinitrophenylhydrazine. 
Amount present (cale. on above formula for Ca salt), 
0-45 mg.; found, 0-44 mg. 

Preparation of the 2:4-dinitrophenylosazone. Crude yield, 
75%, m.p. 280° (decomp.). Mixed m.p. with derivative 
prepared directly from mutarotated solution, unchanged. 

_ Specific rotation in O-1N-HCl. [a]>°= -83 (¢=1-00), 
whence [«]3)° for diketogulonic acid in 0-1N-HCl= -12-1°. 


BIOLOGICAL EXPERIMENTS 


Antiscorbutic activity of calcium diketogulonate 
and regenerated |-ascorbic acid 
In testing the possible biological activity of diketogulonic 
acid, the Ca salt was employed; it was prepared twice weekly 
and stored at — 20°. Colorimetric estimations showed that 
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under these conditions of storage the substance was stable 
for at least 7 days. Regenerated /-ascorbic acid was pre- 
pared as described above, the bulk sample being at least 
90% pure according to the indophenol titration. 

The biological tests were carried out by the technique 
usually employed in this laboratory (Kellie & Zilva, 
1941) except that the milk reconstituted from the com- 
mercial dried powder was not autoclaved but was dissolved 
in boiling water and aerated for 5 min. 60 ml. of this were 


0-73 mg. Ca diketogulonate (equivalent 
to 0-5 mg. of the acid) 


Weight in g. 


5 


Regenerated I-ascorbie acid equivalent 
to 0-5 mg. authentic l-ascorbic acid 


C,N 
iC, ! 
Cc} 
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S 


200 


0 30 


10 20 


Days 


BARIUM AND CALCIUM DIKETOGULONATES 


Weight in g. 


3 


reducing compound corresponding to a yield of about 4% 
calculated as ascorbic acid, this dose would be approxi- 
mately equivalent to 0-5 mg. ascorbic acid. Such a daily 
dose of the vitamin affords a high degree of protection 
against scurvy. 

(3) Regenerated l-ascorbic acid equivalent to 0-5 mg. 
of authentic /-ascorbic acid was administered daily as 
2-5 ml. of a solution of 11 mg. regenerated ascorbic acid in 
50 ml. of water. 


20 mg. Ca diketogulonate 


20 30 40 


Days 


Fig. 1. Antiscorbutic and growth-promoting effects of diketogulonic acid and related substances. C =killed by chloroform; 
+ =died; N=normal; VSS =very slight scurvy; S=scurvy; J =intercurrent disease ; commencement of administra- 


tion of dose is indicated by a vertical dotted line. 


offered to each guinea-pig daily. The various doses prepared 
immediately before use were administered in the following 
way: 

(1) An equivalent of 0-5 mg. diketogulonic acid was ad- 
ministered daily to each animal as 2-5 ml. of a solution 
containing 14-5 mg. Ca diketogulonate in 50 ml., the final 
volume including 5 ml. m/100 citric acid to adjust the pH 
to approximately 4. This small dose, to be effective, would 
require almost complete reduction in vivo, which is im- 
probable. 

(2) 160 mg. Ca diketogulonate were dissolved in 20 ml. 
of water containing 2 ml. m/100 citric acid (pH =c. 4) and 
2-5 ml. of this solution administered daily. Since Ca diketo- 
gulonate on treatment with H,S yields an indophenol- 


(4) 10 mg. l-ascorbic acid were dissolved in 50 ml. of 
water and 2-5 ml. (0-5 mg. /-ascorbic acid) were administered 
daily to each of the animals in the positive control group. 

Interpretation of results. The results are given in Fig. 1. 
At the outset attention should be drawn to the behaviour 
of the animals in the negative control group. It will be seen 
that instead of succumbing to scurvy within about 30 days, 
as animals on our scorbutic diet usually do, these animals, 
although suffering from acute scurvy, lived a little longer. 
This was found to be due to traces of vitamin C in the 
commercial milk powder which were not entirely inacti- 
vated by the aeration of the hot solution. The presence of 
these minute quantities of the vitamin in the basal diet 
did not, however, vitiate the experiment. The groups of 

1-2 
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animals receiving doses of calcium diketogulonate equi- 
valent to 0-5 mg. of diketogulonic acid and to 0-5 mg. of 
l-ascorbic acid respectively behaved in the same way as 
the animals in the negative control group. It is therefore 
evident that the isolated salt of diketogulonic acid, like its 
equivalent of the mutarotated solution, cannot be reduced 
in the body; or if it is reduced, as it is to some extent by 
H,S in vitro, the indophenol-reducing substance produced 
is not identical with l-ascorbic acid, as has hitherto been 
supposed. That Ba diketogulonate, like the mutarotated 
solution of dehydroascorbic acid, can be regenerated into 
fully active l-ascorbic acid in good yield on reduction with 
HI, will be seen from the similarity of the biological response 
of the experimental guinea-pigs to the regenerated com- 
pound with that of the animals to ordinary synthetic 
l-ascorbic acid. 


CONCLUSIONS 


The properties of the isolated Ba and Ca salts of 
diketo-l-gulonic acid establish the correctness of the 
view of Herbert et al. (1933) that the mutarotation 
observed in acid solution of dehydro-l-ascorbic acid 
is due to the gradual formation of diketo-l-gulonic 
acid. The analytical data obtained show that eight 
molecules of water are associated with each molecule 
of the salts. The white colour of the compounds and 
their tendency to turn yellow on storage suggest 
that four of the molecules of water may be accounted 
for by hydration of the keto-groups. 

The biological experiments show beyond doubt 
that ring closure with the production of l-ascorbic 
acid does not take place in vivo; the mechanism 
involved in its formation in vitro by treatment with 
HI is obscure. It would, however, appear that ring 
closure may precede reduction, since we found that 
2-keto-l-gulonic acid, a probable reduction product 
of diketo-l-gulonic acid, which can be converted to 
l-ascorbic acid by the action of HCl (Reichstein & 
Griissner, 1934), could not be lactonized by HI 
by the procedure employed by us in the case of 
diketo-l-gulonic acid. Several other points of in- 
terest arise from the biological tests. 20mg. Ca 
diketogulonate, which on reduction with H,S yields 
an indophenol-reducing substance equivalent to 
0-5 mg. of l-ascorbic acid, failed to offer any anti- 
scorbutic protection. In this connexion, it is of 
interest to note that when the reduced Ca diketo- 
gulonate solutions were analyzed by Lugg’s formalin 
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method (1942) as used in this laboratory (Snow & 
Zilva, 1943, 1944), data were obtained which indi- 
cated that about half of the indophenol-reducing 
capacity was due to l-ascorbic acid. A dose of 20 mg. 
of the Ca salt would according to this be equivalent 
to 0-25 mg. l-ascorbic acid, which is known to offer 
considerable antiscorbutic protection. That this was 
not so is seen from the fact that no response was 
observed in the group of guinea-pigs receiving this 
dose. From all these observations it is therefore 
difficult to decide whether the animal organism is 
incapable of reducing diketogulonic acid or whether 
an indophenol-reducing substance not identical with 
l-ascorbic acid is formed on reduction in vivo. 

In conclusion, mention must be made of the alter- 
native view on the chemical changes taking place 
during the mutarotation of dehydro-l-ascorbic acid 
advanced by Ghosh & Rakshit (1938) and extended 
by Rosenfeld (1943). The latter worker maintains 
that dehydro-l-ascorbic acid does not change initially 
into diketo-l-gulonic acid but into an intramolecular 
stabilization product having an enol lactone struc- 
ture. Our experimental evidence does not accord 
with such a hypothesis. 


SUMMARY 


1. The Ba and Ca salts of 2:3-diketo-l-gulonic 
acid have been isolated and characterized. 

2. The Ca salt offered no antiscorbutic protection 
to guinea-pigs in daily doses equivalent to 0-5 mg. 
of 2:3-diketo-/-gulonic acid. 

3. A daily dose of 20 mg. of the Ca salt which, 
according to direct indophenol titration, yields an 
equivalent of 0-5 mg. of l-ascorbic acid after reduc- 
tion with H,§, also failed to offer any antiscorbutic 
protection to guinea-pigs. 

4. l-Ascorbic acid, regenerated from Ba diketo- 
l-gulonate by reduction with HI, was chemically 
and biologically identical with authentic l-ascorbic 
acid. 


One of us (J. R. P.) is indebted to the Medical Research 
Council for a whole-tfme grant. We wish to express our 
thanks to the late Mr W. F. Boston, who, with the kind 
permission of Prof. I. M. Heilbron, carried out the micro- 
analyses. Our thanks are also due to Dr F. Bergel of Messrs 
Roche Products, Ltd. for gifts of 2-keto-l-gulonic and 
l-ascorbic acids. 
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The Preparation of 8-carotene of a High Degree of Purity 


By J. DEVINE, R. F. HUNTER anp N. E. WILLIAMS, Central Technical Department, 
Lever Brothers and Unilever Limited, Port Sunlight 


(Received 21 July 1944) 


The preparation of 20g. of B-carotene of a high 
degree of purity was undertaken in these labora- 
tories at the request of the Medical Research Council. 

This relatively large sample, which was prepared 
from a carotene concentrate obtained from alfalfa 
meal, had physical characteristics which indicated 
a purity similar to that of the B-carotene previously 
isolated from ‘Sherbro’ palm oil (Hunter & Scott, 
1941). The ultra-violet absorption spectrum of a 
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the bulk of the carotene which can be isolated. The crude 
carotene was washed in turn with ethanol, water, and again 
ethanol and dried in a vacuum desiccator. 

The mother liquor was twice shaken with water and kept 
overnight, when part of the contaminating wax crystallized. 
The upper layer was syphoned off and the residual mixture 
was thrice extracted with benzene-light petroleum in a 10 1. 
bottle. Separation of the layers was best effected by 
warming the bottle in a water-bath. The combined extracts 
were washed until neutral, concentrated under reduced CO, 


360 380 400 420 440 460 480 


Wave-length (my) 


Fig. 1. Absorption curve of B-carotene in cyclohexane. 


fresh solution in cyclohexane showed no inflexion at 
330-340my (Fig. 1), confirming the absence of cis- 
isomers (Zechmeister & Polgar, 1943). 

A smaller sample of this carotene was then sub- 
jected to five further recrystallizations. The spectro- 
scopic values of the specimen thus obtained showed 
little change but were appreciably higher than those 
recorded in the recent literature. 


EXPERIMENTAL 


The carotene concentrate (obtained from the Chlorophyll 
Corporation, Inc., U.S.A.; the containing medium was 
cotton-seed oil) showed an E}%, value of 127 at 460my in 
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chloroform. It was saponified and worked up in two 
batches as follows. The concentrate (1 kg.) in warm light 
petroleum (2 1.) was heated, under reflux, with NaOH (500 g.) 
in water (500 ml.) and 95 % ethanol (31.) for 3 hr. Warm light 
petroleum (3 1.) was added, and after }$ hr. the supernatant 
liquid was syphoned off from the residue, which constitutes 


pressure and cooled to 0°, when wax again separated. 
Further quantities of wax and sterol were removed by 
crystallization from acetone and finally light petroleum. 

The corjcentrated mother liquor was chromatographed, 
under slight CO, pressure (Hunter & Scott, 1941), on 
columns of activated alumina (70 x 4-2 cm. diam.). De- 
velopment of the columns with 1 1. light petroleum sufficed 
to wash out the relatively small orange-red zone of carotene. 
The combined percolates were evaporated with the usual 
precautions and the residue crystallized at 0° from benzene- 
acetone. This product (8 g.) was added to the main crude 
carotene (obtained initially from the saponification mixture) 
and the whole treated four times with boiling light petroleum 
and twice with boiling ethanol to remove as much wax and 
sterol as possible. This yielded 70 g. of crude carotene from 
2 kg. of concentrate. 

Chromatography. Batches of 2-5 g. of the carotene in 
pure benzene and light petroleum (1:1, 370ml.) were 
chromatographed on columns of activated alumina (900 g., 
75 x 4-4 cm. diam.) under CO,, and the chromatogram de- 
veloped with light petroleum containing successively smaller 
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proportions of benzene. This furnished a very satisfactory 
chromatogram showing a 70 cm. uniform zone of B-carotene 
with a small deep red upper carotenoid zone (+ 2 mm.) and 
a small amount of ya«-carotene which was discarded. The 
main zone was eluted with a mixture of ether-benzene- 
ethanol (7:2:1) which commenced to deposit crystals of 
carotene almost immediately after it had percolated from 
the column. The percolate was kept overnight at 0°, the 
crystals filtered off and the residue obtained by evaporation 
of the filtrate crystallized from acetone-benzene. The whole 
of the carotene thus obtained (58 g.) was thrice recrystal- 
lized from acetone-benzene, a 1 in. Hirsch funnel being used 
to remove traces of alumina, filter paper threads, etc. 
Finally, 28 g. of this carotene were dissolved in boiling 
thiophene-free benzene (290 ml.) under CO, and the solution 
was gradually diluted with boiling acetone (4-5 1., freshly 
distilled in CO,). Crystallization was continued overnight 
in an atmosphere of CO,. The crystals were filtered, washed 
in turn with freshly distilled acetone, ethanol, and light 
petroleum, and dried in a vacuum desiccator over P,O;. 





This sample of f-carotene melted sharply at 
183-5° (uncorr., open melting-point tube) and 
showed no optical activity in benzene. 

The spectroscopic characteristics, determined on 
a Hilger-Nutting spectrophotometer with calibrated 
apparatus, were as shown in Table 1. 


Table 1 


Wave-length of 
main band 


Solvent (mp) we. 
Cyclohexane 456 2480 
Chloroform 465 2300 
Hexane 453 2530 
Benzene 465 2350 


The solvents were purified as follows: 

Cyclohexane. Commercial sample, treated with fuming 
sulphuric acid at 10°, washed until neutral, dried and 
distilled. 

Chloroform. Commercial sample, washed with alkali, 
dried and redistilled shortly before use; stabilized with 
0-5% ethanol. 

Hexane. Commercial sample fractionated and collected 
over a range of 0-6°. 

Benzene. Commercial thiophene-free sample fraction- 
ated and collected over a range of 0-2°. 


In the cases of hexane and cyclohexane it was 
necessary to warm the solvent to effect complete 
solution of the carotene. 
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The absorption curve in cyclohexane was deter- 
mined on a Hilger E498 spectrograph with Spekker 
photometer (Fig. 1). 

The antimony trichloride reaction showed a maxi- 
mum at 590my with an E}%, value of 460 (ef. 
Hunter & Scott, 1941). 

A 2g. sample of the f-carotene was further re- 
crystallized four times from acetone-benzene and 
once from carbon disulphide-ethanol. This had m.p. 
184° (initial bath temperature 180°). The spectro- 
scopic values of this specimen are compared with 
those recorded in more recent literature as set out 
in Table 2. 


Table 2 
Wave- 
length 
of main 
band a 
Solvent (mp) Et &, Literature 
Cyclohexane 45€ 2490 2400 (456 m,)* 
Chloroform 465 2370 2200 (463 mp)t 
2310 (463 mp)t 
Hexane 453 2610 2580 (450my) § 
2540 (450my in petrol)||. 
2500 (452 my in petrol)t 
Benzene 465 2370 _— 


* Braude, Foot, Henry, Kon, Thompson & Mead (1941). 
+ Gillam (1935). 

t Hunter & Scott (1941). 

§ Zscheile, White, Beadle & Roach (1942). 

|| Strain (1939). 


Smakula (1934) recorded a value of 2760 at 450myp 
in hexane but no details of the preparation or source 
of the specimen are given. 


SUMMARY 


1. The preparation of a relatively large sample 
of B-carotene of a high degree of purity is described. 

2. The ultra-violet absorption spectrum of a 
fresh solution of this carotene in cyclohexane showed 
no inflexion at 330-340myz. 

3. Further purification by five recrystallizations 
brought about little change in the spectroscopic 
values. The final figures were all appreciably higher 
than those recorded in the recent literature. 


We wish to thank the directors of Lever Brothers and 
Unilever Limited for permission to publish these results. 
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The Action of Alkalis on Wool 


1. THE SUBDIVISION OF THE COMBINED CYSTINE INTO TWO FRACTIONS 
DIFFERING IN THEIR RATE AND MODE OF REACTION WITH ALKALIS 


By W. R. CUTHBERTSON anv H. PHILLIPS, Wool Industries Research Association, 
Torridon, Headingley, Leeds 6 


(Received 28 July 1944) 


Only 50 % of the disulphide-S of wool will react with 
NaHSO, to give thiol and S-cysteinesulphonate 
groups (Elsworth & Phillips, 1941; Middlebrook & 
Phillips, 1942). We have now shown that the di- 
sulphide-S of wool can be subdivided into two halves 
differing in their reaction with alkalis; one-half 
tends to decompose according to reaction (1), whilst 
the other half tends to decompose according to 
reaction (2): 
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Reaction (1) leads to the formation of combined 
lanthionine, which was isolated for the first time by 
Horn, Jones & Ringel (1941) from wool and other 
S-containing proteins which had been boiled with 
dilute Na,CO,. The combined lanthionine provides 
thio-ether cross-linkages which Speakman & Whe- 
well (1936) suggested might be present in wool after 
treatment with solutions of NaOH. Reaction (2) 
leads to the formation of combined «-amino-acrylic 
acid in the wool: Bergmann & Stather (1926) have 
shown that the alkaline decomposition of the di- 
anhydride of dialany] cystine follows a similar path. 

We have found that most wools contain small 
amounts of S which cannot be accounted for either 
as cystine or methionine-S. We have therefore made 
an analysis of a root wool, which was undamaged 
either by light or by the methods by which it was 
cleaned, in order to confirm that the total-S could 
be accounted for by cystine and methionine-S 
(Barritt, 1934a; Bailey, 1937) and hence that virgin 
wool does not contain lanthionine. 


It has been assumed that alkalis hydrolyze and 
decompose disulphide cross-linkages and that the 
groupings produced condense with the NH, groups 
of opposed side-chains, giving new cross-linkages, 
such as —SNH— (Speakman, 1933) and —CH=N— 
(Phillips, 1936). We have attempted to obtain che- 
mical evidence to decide whether such reactions take 
place, in addition to reactions (1) and (2), when 
wool is boiled with feebly alkaline solutions. 


METHODS 


Materials 


Root wool. Wool referred to subsequently in this paper as 
root wool was prepared as follows. About 2-5 kg. of a greasy, 
merino 64’s Cape wool of 10 cm. staple length were taken, 
the discoloured locks were rejected and the root ends were 
cut from the remainder at about 5 cm. from the tips. The 
root wool (900 g.) was extracted with benzene at room 
temperature, dried and carded on a small mechanical card 
to remove dirt and vegetable matter. Some 460g. were 
rinsed in water, then in saponin (0-1 %) and lastly in water, 
all at 35-40°. After drying overnight at 40°, it was recarded 
and gave 437 g. of clean root wool. 

Tip wool. Fibre tips, about 2 cm. in length, were cut from 
the greasy locks. They were cleaned in a similar manner 
to the root wool. 

Fabric wool. This wool was in the form of an unbleached 
but scoured worsted fabric made from 64-70’s wool. Before 
use in the experiments described, it was extracted first with 
light petroleum and then with ethanol. 


Analytical methods 


S-distribution. The wools were conditioned, i.e. exposed 
until they reached constant weight in a controlled atmo- 
sphere of 21° and 65% R.H., before samples were taken for 
analysis. All analytical results are recorded as percentages 
of the weight of the anhydrous wool. Total-S on intact woo] 
was determined by a modification of the Benedict-Denis 
method (Barritt, 19345); methionine-S was calculated from 
the CH, content determined by Baernstein’s method (1934). 
For the determination with the aid of a Spekker absorptio- 
meter of thiol and disulphide-S by Shinohara’s methods 
(1935 a, b), the wool was hydrolyzed (1 g./20 ml. 5N-HCl) 
for 4 hr., the hydrolysate being filtered through sintered 
glass. SOj and S oxidizable to SO; by bromine (Br-oxidiz- 
able-S) in the filtered hydrolysates were respectively deter- 
mined by the methods of Mease (1934) and of Blumenthal 
& Clarke (1935). 
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The pyruvic acid contents of wool hydrolysates. These were 
determined on the hydrolysates, prepared as described 
above, by Lu’s method (1939). The pyruvic acid arises 
from the acid hydrolysis (reaction 2), of the combined 
a-amino-acrylic acid (Bergmann & Delis, 1927). The pyruvic 
acid content of the hydrolysate of untreated wool is appre- 
ciable owing to the acid decomposition of cystine (Elsworth 
& Phillips, 1938). For this reason, and also because the 
amount of pyruvic acid found is sensitive to the method 
used to heat the wool and the HCI, no great accuracy is 
claimed for our determinations. The acid hydrolysate of 
untreated wools contain about 0-3% pyruvic acid. 

The bromine absorptions of wool, methionine and lanthio- 
nine. The acid hydrolysate (or solution of amino-acid in 
HCl) was made up to 100 ml. To the hydrolysate (10 ml.) 
in a stoppered bottle, 0-2N-KBrO, (10 ml.) in 10% KBr 
was added and after 1 hr. KI (10 ml. of 10% solution). 
The liberated iodine corresponding to the unabsorbed 
bromine was titrated with 0-1N-Na,S,0,. Under these 
conditions, cystine absorbs 10 atoms of Br per molecule 
(Plimmer & Phillips, 1924). It was found that methionine 
absorbed 3-90 atoms of Br per molecule in 1 hr. and 4-05 
in 1} hr.; lanthionine absorbed 3-90 atoms in $ hr., 4-2 atoms 
in 1 hr., and 4-5 in 23 hr. 

Free lysine-amino-N of intact wools. Rutherford, Harris 
& Smith’s method (1937) was used. To assist the removal 
of air from between the wool fibres, a modified reaction 
chamber was attached to the newer constant volume Van 
Slyke apparatus. In this chamber, the wool (0-1 g.) was 
compressed by a glass cylindrical closed vessel containing 
mercury, supported by indentations made from the outside 
of the chamber above the lower outlet tube. 

Aldehyde groups in intact wools. (a) With semicarbazide. 
The KCl precipitated when potassium acetate (8 g.) in 
methanol (30 ml.) was added to semicarbazide hydro- 
chloride (8 g.) in water (20 ml.) was removed by filtration 
and the filtrate and washings made up to 400 ml. with 
water. The wool (1-0 g.) was heated at 40° for 23 hr. with 
50 ml. of this 20% semicarbazide solution, then rinsed 
with water (100 ml.) several times daily for 8 days. After 
squeezing and conditioning, the N content was determined 
by Kjeldahl’s method. Attempts to determine the N of 
semicarbazide by this method confirmed the usually ac- 
cepted view (Hobson, 1929) that only one-third of the 
total-N of semicarbazide is returned as NH, and this pro- 
portion was not increased by adding either Zn or Cu to the 
H,SO, before digestion. When acetophenone semicarbazone 
was digested with an equal weight of glucose the yield of 
NH, was increased to 60% of the total-N. (b) With p- 
bromophenylhydrazine. A 0-02 solution was prepared by 
adding the hydrazine-HCl (3-38 g.) in hot water (25 ml.) to 
methanol (20 ml.) containing potassium acetate (1-47 g.). 
After the addition of hot water (25 ml.), the solution 
was filtered and the filtrate made up to 750 ml. with 
methanol. The wool (2-0 g.) was heated under reflux for 
24 hr. with 150 ml. of the reagent and rinsed first with 
methanol and then with water until free from Cl. The Br 
content of the wool was determined by the Carius method. 


RESULTS 
The S-distribution of root and tip wools 


Root wool. The S-distribution of the hydrolysates 
of the root wool is given in Table 1. 
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Table 1. The S-distribution of root wool 


(%) 
2-91 
0:07 
0-12 
0-07 
0-02 
0-01 
0-01 
0-08 
3-29 
3-45 


S present as: 
Disulphide 
Thiol 
Methionine 
Sulphate 
Humin 
Hydrogen sulphide 
Sublimed sulphur 
Br-oxidizable-S 


Total sulphur (root wool) 


Total-S determinations on the hydrolysates of 
this wool showed that less than 0-:10% S was lost 
during hydrolysis. Determination of the S removed 
in the humin, or evolved as H,S, or deposited as § 
on the cooler parts of the flask, showed that such 
losses could not account for the low S content of the 
hydrolysates as computed in Table 1. The S present 
in the hydrolysates as Br-oxidizable-S increased 
with the length of time of hydrolysis: a 24 hr. hydro- 
lysate contained 0-13 %, whereas a 4 hr. hydrolysate 
contained 0-08 %. 

Experimental errors play a decisive part in as- 
sessing the significance of the discrepancy between 
the 8 of the hydrolytic products (3-29 %) and the 
total-S of the whole wool (3-45 %). Mr W. L. Semple 
has examined statistically the results of 41 of our 
disulphide-S determinations and 104 determinations 
of total-S and has estimated the standard error 
(SE) of a single determination to be 0-074 and 
0-038 respectively. The SE of the sum of the con- 
stituents (3-29) is approximately 0-080. The SE of 
the difference of the two estimates of the total-S 
(0-16) is 0-088 and the ratio of the difference to the 
SE, known as ‘Student’s’ ‘t’, is 1-82. From tables 
a value of ‘t’ as great as this will occur due to 
experimental error more often than 1 in 20 times. 
Hence we conclude that the results given in 
Table 1 provide no grounds for assuming that any 
non-disulphide-S in the form of lanthionine or like 
compound exists in undamaged wool. 


The 8-distribution of tip wool 
The sample of tip wool examined was prepared 
as previously described, but at a different time from 
the root wool of Table 1. For this reason, an analysis 
of the root and tips from the same specimen of wool 
was made (Table 2). 


Table 2. The S-distribution of root and tip wools 


Root 
(%) 
2-99 
0-14 
0-12 
0-06 
0-00 
3-60 


0-27 


Tip 
(%) 
2-66 
0-15 
0-12 
0-10 
0-02 
3-57 
0-66 


8 present as: 
Disulphide 
Thiol 
Methionine 
Sulphate 
Br-oxidizable-S 
Total-S 
Ash (after sulphation) 
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From Table 2 the root wool contained 0-35 % and 
the tip wool 0-63 % of S which was neither cystine 
nor methionine-S. If the sulphate-S and Br-oxi- 
dizable-S are subtracted from this 8, we obtain 0-29 
and 0-51 as the possible percentages of S which may 
be present in the two wools as lanthionine-S. 


The S-distribution of alkali-treated wools 


Wools treated with buffer solutions of pH 8-2—10-0. 
Samples (about 4 g.) of fabric wool, after wetting, 
were boiled for the times given in Table 3, with 
borax buffers (500 ml.) of pH 8-2, unless otherwise 
stated. The pH of the buffer solutions remained 
unchanged, even after the longest treatment (5 hr.), 
but they became slightly turbid and some H,S was 
evolved. The lengthier treatments caused the wool 
to become somewhat yellow. The 5 hr. treatment 
was repeated with hourly changes of the buffer 
(sample 8), and to ascertain whether atmospheric O 
influenced the reactions, sample 9 was boiled for 
5 hr. with O,-free buffer in an atmosphere of N,. 
After treatment, all the wools were rinsed with 
water. The total-S of the intact wools and the S- 
distributions of their hydrolysates are given in 
Table 3. ‘ 


Table 3. The S-distribution of wool after boiling 
with buffers of pH 8-2-10-0 


Dura- Br-oxidiz- 
tion of able-S 
treat- Disul- +SO;, 


No. of ment Thiol-S__phide-S as § Total-S 
sample  (hr.) (%) (%) (%) (%) 


1 0 0-12 2-49 0-37 3-53 
2 } 0-12 2-33 0:30 3:39 
3 1 0-06 2-00 0-57 3-41 
4 2 0-13 1-65 0:56 3-22 
5 3 0-14 1-49 0-59 3-14 
6 4 0-09 1-39 0-53 +» 2-98 
7 5 0-10 1-36 0-56 2-95 
gt 5 0-12 1-34 0-67 2-92 
9+ 5 0-12 1-31 0-53 2-86 
lo¢t 4 0-09 0-67 0-39 2:37 


* Hourly changes of buffer. tf Under N,. { At pH 10. 


From the S-distributions given in Table 3, the 
lanthionine-S contents of the wools can be calcu- 
lated by subtracting the sum of the S present as 
methionine-S (0-12%), sulphate, Br-oxidizable-S, 
thiol-S and disulphide-S from the total-S. The loss 
of cystine-S can be calculated by subtracting the 
sum of the methionine-S, thiol-S and disulphide-S 
from the total-S of the untreated wool. This involves 
two assumptions: first, that the untreated wool has 
not lost any of its virgin S content, and secondly, 
that when the wool was treated no serious loss of 
wool substance other than S took place. Experi- 
mentally it was found that sample 9 lost 3-0% in 
weight during treatment, about one-third of which 
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was due to loss of S; sample 10 lost 5-5 % in weight, 
of which about one-sixth was S. 

In Table 4 the lanthionine-S contents and losses 
of disulphide-S of the wool samples calculated as 
described above are given. 


Table 4. A comparison between the lanthionine-S and 
loss of disulphide-S of wools after boiling with buffers 
of pH 8-2-10-0 


No. of Lanthionine-S Loss of disulphide-S 

sample (%) % 
I 0-43 0-80 
2 0-52 0-96 
3 0-66 1-35 
4 0-76 1-63 
5 0-80 1-78 
6 0-85 1-93 
7 0-81 1-95 
8 0-67 1-97 
9 0-78 1-98 
10 1-10 2-65 


When the wool is boiled for 4 hr., the rate of 
appearance of lanthionine-S corresponds with the 
rate of disappearance of cystine-S, but when the 
boiling is more prolonged or when a buffer of pH 10 
is used (sample 10) more cystine-S is lost than would 
have been expected from the gain in lanthionine-S. 
This second reaction may therefore be similar to the 
alkaline decomposition of dialanyl cystine dianhy- 
dride (Bergmann & Stather, 1926), during which 
both S and H,S are liberated from each molecule of 
cystine. The loss of this extra S does not decrease 
the amount of lanthionine-S produced. 

If some of the cystine decomposes and loses 
2 atoms of S per molecule, then the treated wool 
will contain combined «-amino-acrylic acid which 
would yield pyruvic acid when the wool was hydro- 
lyzed. The pyruvic acid content of the hydrolysate 
of the untreated wool (sample 1) was 0-28 %, that 
of sample 9, 0-42 %, thus confirming a small amount 
of decomposition by reaction (2). 

The bromine absorption of the hydrolysate of 
sample 1 was 0-6038 g./g.; that of sample 10, 
0-4525 g./g. Sample 1 contained 0-05% Br-oxi- 
dizable-S and sample 10, 0-17 %. On the assumption 
that all the S in the treated wool has been accounted 
for in our analyses, it can be calculated that the 
alteration in bromine absorption due to the change 
in § distribution of sample 10 should be 0-1392 g. 
of Br/g. The observed difference was 0-1513 g. of 
Br/g. 

Wool treated with solutions of KCN. Samples 
(about 4 g.) of fabric wool (I) or root wool (IL) were 
immersed for the times given in Table 5 in 1% 
solutions of KCN at 66°. One sample of root wool 
was boiled for } hr. in a 0-65 % solution of KCN. 
In all the experiments the wool samples were treated 
with 100 times their weight of cyanide solution. 
The S-distributions of the wools are given in Table 5. 
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Table 5. The S-distribution of wool after 
treatment with solutions of KCN 
Br-oxidiz- 


able-S 
+SO;, 


Dura- 
tion of 
treat- Disul- 
ment Thiol-S_phide-S as § 
(hr.) (%) (%) (%) 
0 0-12 2 — 
1 0-07 2- — 
164 0-02 “6: —— 


0 0-05 0-14 
0-01 0-00 
0-02 


163 0-04 


Total-S 
(%) 
3-48 
1-78 
3-65 


2-19 
2-33 


0-44 
0-60 


After removal of the wool, the KCN solutions 
gave a faint nitroprusside reaction. They all con- 
tained thiocyanate, shown by colorimetric estima- 
tion to be roughly equivalent in amount to the S lost 
by the wool. The analyses (Table 5) show that the 
acid hydrolysates of treated wools did not contain 
thiol-S. It is unlikely therefore that these wools 
before hydrolysis contained thiocyano groups, since 
by acid hydrolysis they would have been converted 
into thiol groups and eyanic acid. 

After the root wool had been boiled for } hr. with 
0-65 % KCN, the analyses show that it may have 
contained 1-62% lanthionine-S; after 163 hr. in 
1-0% KCN at 66°, 1-54%. The disulphide-S losses 
during these treatments were 3-08 and 2-93 % re- 
spectively, corresponding in each case to about twice 
the lanthionine-S contents. The wool samples de- 
creased 18-7 and 14-6% respectively in weight 
during the treatments. 

The wool was also treated in 1% KCN solution 
for 19 hr. at 62° and the pyruvic acid contents of 
the acid hydrolysates of the treated wool and of 
the KCN solution in which it was heated were deter- 
mined. Before hydrolysis the KCN solution did not 
contain any pyruvic acid, but after hydrolysis it 
contained 0-04%. The acid hydrolysate of treated 
wool contained 0-20 %, making in all 0-24 % pyruvie 
acid, calculated on the weight of the original wool. 
Hence no «-amino-acrylic acid was formed during 
the treatment of the wool. This conclusion agrees 
with the almost complete conversion of the cystine 
into lanthionine deduced from the S distributions 
of the treated wools. 

Wools treated with solutions of NaOH (a) with 
0-10N solutions for increasing lengths of time. 
Samples (4 g.) of root wool were treated at 20—-22° 
in 1600 ml. of 0-1N-NaOH for the times given in 
Table 6. The treated wools were rinsed thoroughly, 
dried and conditioned before analysis; their appear- 
ance remained unaltered. 

The approximate rate of transformation of cystine 
into lanthionine during the action of the 0-10N- 
NaOH on the wool can be obtained by calculation 
and is given in Table 7. 
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Table 6. The S-distribution of wool after 
treatment with 0-10N-NaOH 
Dura- 
tion of 
treat- 
ment 
(hr.) 


Disul- Sul- Br-oxidiz- 

Thiol-S_ phide-S phate-S able-S_ Total-S 
(%) (%) (%) (%) (%) 
0-12 2-95 0-06 0-02 3-60 
0-06 2-71 0-05 0-20 3-49 
0-07 2-53 0-06 0-19 3-51 
0-07 2-51 0-02 0-18 3-53 
0-06 2-12 0-00 0-16 3-29 
0-06 1-91 0-00 0-13 3-01 
0-04 1-83 0-00 0-12 2-89 


Table 7. A comparison between the lanthionine-S and 
the loss of disulphide-S of wools treated with 0-10N- 
NaOH 


Duration of 
treatment Lanthionine-S 

(hr.) (%) 

0 0-33 

2 0-35 

0-54 

0-63 

0-83 

0-79 

0-78 


Loss of 
disulphide-S 
(%) 
0-41 
0-71 
0-88 
0-83 
1-30 
1-51 
1-61 


Although, for the shorter periods of treatment, 
twice the lanthionine-S tends to exceed the disul- 
phide-S loss, the agreement becomes closer with 
more prolonged treatment. The results bring out 
clearly that after 16} hr. treatment, the 0-10N- 
NaOH has little further action on the wool. When 
this stage is reached, about 50% of the cystine-S 
has been converted into lanthionine-S. It is note- 
worthy that no Bergmann & Stather reaction takes 
place. Mizell & Harris (1943) have also shown that 
when wool is treated with 0-1N-NaOH at 0°, the 
S lost by the wool is approximately equal to half 
the disulphide-S destroyed and that the treated 
wool contains lanthionine. (b) With solutions of 
NaOH of increasing concentration for 1 hr. at 22°. 
These experiments were made on a 70’s wool in 
the form of knitted fabric. An analysis of the un- 
treated wool is given in Table 8. For the treatments, 
the samples of wool (7-5 g.) were wetted in water 
and then squeezed until they contained 50% 
moisture. The moist wools were then placed for 1 hr. 
in the NaOH solutions (300 ml.) at 22°, allowance 
being made in strength and volume for the water 


Table 8. The S-distribution of wool after treatment 
with NaOH solutions of different concentrations 


Nor- Disul- Sul- 
mality Thiol-S  phide-S phate-S 
of NaOH = (%) (%) % 
0-0 0-03 0-07 
0-10 0-04 0-04 
0-50 0-04 0-04 
1-00 0-02 0-04 


Br-oxidiz- 
able-S  Total-S 
(%) (%) 
0-14 3°73 
0-18 3-55 
0-22 2-85 
0-17 2-20 


3-09 
2-85 
1-43 
0-91 





Vol. 39 


the wool contained. After treatment, the wools 
were rinsed in running water until free from alkali 
and then dried and conditioned. : 

Table 9 gives the calculated lanthionine-S con- 
tents of these wools and the disulphide-S losses 
which took place during the treatments. 


Table 9. A comparison between the lanthionine-S and 
the loss of disulphide-S of wools after treatment with 
NaOH solutions for 1 hr. at 22° 


Loss of 
Normality of Lanthionine-S disulphide-S 
NaOH (%) (%) 
0 0-28 0-49 
0-10 0-32 0-72 
0-50 1-00 2-14 
1-00 0-94 2-68 


Table 9 shows that the lanthionine-S produced 
agrees with the loss of disulphide-S, until the nor- 
mality of the NaOH reaches 1-0: then the loss of 
disulphide-S exceeds that required to produce the 
lanthionine-S. It is noteworthy that the lanthio- 
nine-S tends to remain at 1-0%, although disul- 
phide-S continues to be destroyed. This suggests 
that the lanthionine-S is again produced from 50%, 
of the cystine-S and that when the remaining 
cystine-S is attacked and decomposed no lanthionine 
arises. Theoretically 50% of the cystine-S should 
yield 0-90 % of lanthionine-S. 

When treated with 1-0N-NaOH for 1 hr. the wool 
lost 13-2 % in weight. The acid hydrolysate of the 
treated wool contained 1-59 % pyruvic acid, whilst 
the NaOH solution, after acid hydrolysis, contained 
4:15% calculated on the weight of the wool dis- 
solved. Altogether therefore the pyruvic acid esti- 
mated was equivalent to 0-69 % S calculated on the 
weight of the original wool. These results are in 
agreement with the conclusion that 1-0 N-NaOH 
removes an appreciable amount of cystine-S by the 
Bergmann & Stather (1926) reaction. 

Wools treated with 0-385 N-Ba(OH),. Samples (4g.) 
of root wool were treated with 0-385N-Ba(OH), 
(200 ml.) at 20-22° for the times given in Table 10. 
The solutions were renewed every 15 min. in order 
to minimize the action of any barium sulphide pro- 


Table 10. The S-distribution of wool after 
treatment with 0-385 N-Ba(OH), 


Dura- 
tion of 
treat- Disul- Sul- Br-oxidiz- 
ment Thiol-S phide-S phate-S able-S  Total-S 
(hr.) (%) (%) (%) (%) (%) 
0 0-12 2-95 0-06 0-02 3-60 
} 0-07 1-78 0-03 0-87 3-15 
2 0-06 1-05 0-07 0-26 2-50 
1} 0-04 0-67 0-15 0-14 2-17 
2 0-03 0-52 0-15 0-16 1-91 
4 0-00 0-42 0-03 0-15 1-63 
6 0-00 0-34 0-12 0-10 1-64 
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duced. After treatment, the wools were rinsed in 
0-01 N-HCI and then in running water over a period 
of 2 days. They were dried and conditioned before 
analysis. The treated wools became weaker and 
yellower with increasing time of treatment. 


Table 11. A comparison between the lanihionine-S 
and the loss of disulphide-S of wool after treatment 
with 0-385 N-Ba(OH), 


Duration of Loss of 
treatment Lanthionine-S disulphide-S 
(hr.) (%) (%) 
0 0-33 0-41 
} 0-78 1-63 
3 0-94 2-37 
i 1-05 2-77 
2 0-93 2-93 
4 0-91 3-06 
6 0-96 3-14 


Table 11 shows that the action of 0-385 n-Ba(OH), 
on wool is very rapid, the amount of lanthionine 
produced reaching a maximum in ? hr. Thereafter 
a slower reaction takes place in which cystine-S is 
destroyed without the simultaneous production of 
lanthionine-S. The amount of lanthionine produced 
slightly exceeds what would be expected (0-9 %) if 
50% of the disulphide-S is transformed into lan- 
thionine-S, due probably to the fact that during the 
more prolonged treatments the wool passes into 
solution. 

It was found that when treated for 2 hr. with 
0-385N-Ba(OH),, the wool lost 5-2 % in weight. The 
pyruvic acid content of the hydrolysate of this wool 
was 1-40 % (equivalent to 0-5 % S calculated on the 
weight of the treated wool), which confirms the 
occurrence of cystine decomposition by the Berg- 
mann & Stather mechanism (1926). The treated 
wool and the Ba(OH), solution on acid hydrolysis 
gave in all 1-54% pyruvic acid (calculated on the 
weight of the untreated wool), equivalent to 
0-56 % 8S. 

Wool boiled with 2% Na,CO, solution. Fabric wool 
(9 g.) was boiled for 1 hr. in 2% Na,CO, (135 ml.), 
these conditions being similar to those employed by 
Horn et al. (1941). After treatment, the S-distribu- 
tion of the wool was thiol-S, 0-04; disulphide-S, 0-38; 
sulphate-S, 0-09; Br-oxidizable-S, 0-28; total-S, 
2-37%. The S-distribution of the untreated wool 
was thiol-S, 0-05; disulphide-S, 2-90; sulphate-S, 
0-09; Br-oxidizable-S, 0-03; total-S, 3-65%. From 
this data, it can be calculated that 3-11 % of disul- 
phide-S was decomposed and led to the formation 
of 1-46 % lanthionine-S. The lanthionine-S is, how- 
ever, expressed as a percentage of the treated wool, 
which lost 29% in weight during the treatment. 
Calculated on the weight of the original wool the 
lanthionine-S is therefore 1-:02%. At the end of 


the treatment, the Na,CO, solution was free from 
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thiol and disulphide-S and after acid hydrolysis the 
dissolved wool yielded 1-93% pyruvic acid. On 
acid hydrolysis the intact wool yielded 0-56% of 
pyruvic acid so that, in all, 106% pyruvic acid 
(calculated on the weight of the untreated wool) 
was obtained. This is equivalent to 0-38 % S. The 
amount of lanthionine produced appears to exceed 
that expected by the decomposition of half the 
cystine-S, but the observed excess may be too small 
to justify the conclusion that boiling Na,CO, pro- 
duces lanthionine from both of the main fractions 
of the disulphide-S of wool. 


The isolation of meso- and dl-lanthionine 
from alkali-treated wools 


After treatment, as described below, the wools were 
rinsed in water and then hydrolyzed for 24 hr. in 5n-HCl. 
The charcoal-decolorized hydrolysates were concentrated 
in vacue, dissolved in ethanol and the lanthionine then 
precipitated by the addition of pyridine (Horn et al. 1941). 
The more thoroughly concentrated hydrolysates were not 
completely soluble in ethanol, the insoluble portion con- 
taining much mesolanthionine. The crude lanthionines were 
purified by recrystallization from water and then from 
dilute NH. Cold filtration through charcoal removed the 
reddish precipitates (ferric hydroxide) from the am- 
moniacal solutions. Attempts were made to precipitate the 
lanthionine from the concentrated hydrolysates by adjusting 
them to pH 5 with NaOH, NaHSO, being added to convert 
the cystine into cysteine and sodium S-cysteinesulphonate. 
By this means, mixtures of lanthionine (25%) and tyrosine 
(75 %) were precipitated. Possibly the precipitation of 
tyrosine at pH 2-3 followed by the application of the above 
procedure would have given purer products. The recrystalli- 
zation of lanthionine-cystine mixtures from 4 to 10% solu- 
tions of NaHSO, was found to remove the bulk of the cystine. 

(a) pH 8-treated wool. Scoured and benzene-extracted 
merino wool was boiled for 1} hr. in about 40 times its 
weight of a borate buffer of pH 8-2. The woo! lost 0-2% S 
and from its S-distribution was shown to contain 1-02% 
lanthionine-S. The hydrolysate from 136 g. (conditioned 
weight) of the treated wool gave on ethanol-pyridine pre- 
cipitation 2-76 g. of a creamy white mixture, which from 
its Br absorption and cystine content was calculated to 
contain 0-35 g. lanthionine. The filtrate after concentration 
gave 0-90 g. of a white mixture containing 0-32 g. of lan- 
thionine. These two precipitates thus contained 0-67 g. 
lanthionine, representing a possible yield of 8-6 % calculated 
on the lanthionine-S content of the treated wool. 

Trituration of these mixtures with NaHSO, solution left 
an insoluble portion which was reprecipitated from its solu- 
tion in HCl by the addition of NaAc and NaHSO,. By this 
means 0-34 g. of pure mesolanthionine, m.p. 304°, was 
isolated. 


(6) pH 10-treated wool. A scoured, benzene-extracted 


merino wool was boiled for 35 min. in about 40 times its 
weight of a borate buffer of pH 10. When diluted with 
ethanol, the concentrated hydrolysate from 140 g. of the 
treated and conditioned wool gave a white precipitate, 
m.p. 295-305°, which consisted of almost pure mesolan- 
thionine. On the addition of pyridine, the mother liquor 
yielded 0-97 g. of crude mesolanthionine, which after re- 
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crystallization from dilute NH, had m.p. 306°. Found: 
C, 34-6; H, 5-8; N, 13-4; 8, 15-83%. CsH,,0,N,S requires: 
C, 34-6; H, 5-8; N, 13-5; S, 15-4%. 

The extract prepared by washing the impure ethanol- 
precipitated mesolanthionine with 4% NaHSO, solution 
deposited a brownish (iron discoloured) precipitate. This 
was extracted with dilute NH, and the extract concentrated 
in vacuo over H,SO,. After some yellowish matter (0-10 g.) 
had been deposited and removed, two successive crops 
(0-07 g. in all) of white crystalline nodules were formed 
which by recrystallization from NH, were obtained as soft, 
silky, elongated hexagons, m.p. 290-292°. They were similar 
in appearance to the dl-lanthionine, m.p. 286—292°, synthe- 
sized by Brown & du Vigneaud (1941). Found: C, 34-7; 
H, 5-8; N, 13-6; S, 15-7%,. This lanthionine was optically 
inactive to 5893 in 10% NaOH (c, 0-875; c, 0-5). The 
presence of some excess of either optically active isomer 
may have escaped detection, since the optically active 
forms of lanthionine synthesized by Brown & du Vigneaud 
(1941) had only [«];,93-+ 8° under similar conditions. Horn, 
Jones & Ringel (1942) isolated dl-lanthionine, m.p. 283-284", 
from Na,CO,-treated wool. { 

In all, 2-2 g. of mesolanthionine and 0-1 g. of the racemate 
were isolated from the hydrolysate. By calculation the 
treated wool contained 11-1 g. lanthionine, so that about 
20% was isolated. An exhaustive search was made for 
other organic S compounds besides cystine and lanthionine. 
Besides the use of the technique of Horn ef al. (1941), 
attempts were made to free the hydrolysates of alkali- 
treated wools from cystine by precipitating it as cysteine 
cuprous mercaptide. Such separations were followed ana- | 
lytically by determinations of cystine, cysteine and of 
bromine absorptions. No indication by any of these methods 
of the presence of S compounds other than cystine and 
lanthionine was obtained and it is considered improbable 
that if present they could have formed more than 3% of 
the organic-S-containing fraction of the hydrolysate. 

(c) From wool after treatment with a 1% solution of KCN. 
Conditioned wool fabric (150 g.) was heated for 164 hr. 
with 3 1. of 1% KCN solution at 66°. The total-S decreased 
from 3-65 to 2-43% and the S-distribution showed it to 
contain 1-43% of lanthionine-S. The hydrolysate from 
125 g. of the conditioned, treated wool yielded about 5 g. 
of precipitate with ethanol-pyridine. From this precipitate 
0-84 g. of pure mesolanthionine, m.p. 300°, was isolated. 
Found: N, 13-7; cale. 13-56%. By calculation the treated 
wool contained 10-8 g. lanthionine; that isolated pure was 
7-3 % of the total. 


Attempts to isolate Br-oxidizable-S from the 
hydrolysates of alkali-treated wools 


If wool reacts with alkaline solutions as indicated 
by equations (1) and (2), it would be expected that 
the Br-oxidizable-S found in wool hydrolysates 
would be elementary 8. The amount found might 
also be expected to depend on the alkalinity of the 
solution with which the wool is treated, since § is 
dissolved by alkalis. The recorded analyses of the 
alkali-treated wools agree with this conclusion, the 
pH 34-Z-treated wools containing the highest per- 
centages of S. Mizell & Harris (1943) also concluded 
that the reaction of NaOH with this elementary 8 
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explained the abnormal base-binding capacity of 
alkali-treated wool. 

Experiments designed to prove that this Br- 
oxidizable-S was elementary S gave inconclusive 
results. For example, a wool which had been boiled 
with a borax buffer of pH 10 was extracted with 
chloroform for 2 hr. The extract on evaporation 
gave a residue which after oxidation with HNO; con- 
tained only 0-05 % S as SO, (calculated on the weight 
of the wool extracted), although the hydrolysate of 
the same wool contained 0-17 % of Br-oxidizable-S. 
The colorimetric test of Sommer (1940) also gave 
negative results, although it gave positive results 
with a solution of gelatin to which a trace of ele- 
mentary S had been added and with a wool hydro- 
lysate in which a trace of colloidal S had been pro- 
duced by reaction between SO, and H,S. A pH 8- 
treated wool was extracted with hot pyridine and 
the extract was warmed with a little NaHCO, 
solution. No coloration was produced, although 
1 part of S in 300,000 would have given a blue 
coloration. Similarly, no coloration was given by 
the pyridine-extract of the paste obtained by neu- 
tralizing the concentrated hydrolysate of a pH 8- 
treated wool with CaCO,. Attempts were made to 
isolate elementary S from the concentrated hydro- 
lysates from about 160g. of pH 8- and pH 10-treated 
wools, but the quantities isolated and recrystallized 
did not exceed 100 mg. 

Treatment of the wools with boiling 0-1N-HCl 
did not make this Br-oxidizable-S easier to extract. 
A pH 8-treated wool was boiled for 2 hr. with acid: 
no volatile S-compounds were detected and no 
elementary S was obtained when the wool was 
extracted with chloroform. 

Elementary S was, however, isolated from a buffer 
in which wool had been boiled. The yellow solution 
obtained by boiling wool (22 g.) with borax buffer 
of pH 9-7 (1500 ml.) was cooled and acidified with 
HCl. A dirty white precipitate of S formed, but no 
H,S was liberated even when the mixture was con- 
centrated. Extraction of the concentrated mixture 
with chloroform gave 25 mg. 8, estimated as SO,, 
although analysis of the wool showed that it had 
lost 200 mg. S. 

S liberated during the alkaline decomposition of 
wool may be firmly held in the fibres and may be 
difficult to isolate from their acid hydrolysates. On 
the other hand, it is possible that S leaving the wool 
is initially in the form of a simple, reactive inorganic 
compound (e.g. HSOH), which may not decompose 
quantitatively to elementary 8, but may yield more 
complex inorganic compounds by condensation. 


The determination of the thiol, terminal NH, groups, 
ketonic and aldehydic groups in alkali-treated wools 


A weakness underlying the preceding discussions 
of the analytical results is that the amounts of 
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lanthionine-S in the treated wools was not deter- 
mined directly and consequently includes any S that 
may be present which is not determined either as 
cystine, cysteine, methionine, sulphate or Br-oxi- 
dizable-S. For example, the S of the —SNH— 
cross-linkages which may be formed during the 
treatment of wool with alkalis (Speakman, 1933) 
may have been returned as lanthionine-S. Similarly, 
the formation of —SNH— and —N—CH— cross- 
linkages (Phillips, 1936) should leave free thiol 
groups in the wools which we have not found in 
their acid hydrolysates. We have, therefore, con- 
firmed the accuracy of the metheds by which we 
have determined the thiol-S in the hydrolysates of 
alkali-treated wools and have examined the intact 
wools for the presence of aldehyde groups and to 
detect the possible disappearance of terminal NH, 
groups owing to the formation of —SNH— cross- 
linkages. 

The determination of thiol groups in alkali-treated 
wools. Speakman (1936) has shown that intact 
alkali-treated wools will liberate N, from a solution 
of sodium azide in 0-1N-iodine and has suggested 
that the reaction indicates the presence of free thiol 
groups, although Feigl (1931), who discovered this 
reagent, has shown that it is decomposed by other 
divalent S compounds. Our analyses of wools before 
and after treatment with alkalis do not support 
Speakman’s conclusion. 

Our failure to detect thiol groups in the expected 
amounts may, however, have been due to the pre- 
sence of pyruvic acid and possibly aldehydic com- 
pounds in the acid hydrolysates of the wools. Such 
compounds would condense with thiol groups and 
so vitiate the determinations. To test this we have 
added solutions of pyruvic acid and of aldehydes to 
2ml. 0-0062Mm-cysteine with the usual Shinohara 
reagents and, as shown in Table 12, have varied 
the time elapsing between bringing the solutions to 
pH 5 and the addition of the phosphotungstic 


Table 12. The influence of pyruvic acid, formaldehyde 
and acetaldehyde on the estimation of cysteine 


Time elapsing Percentage 
Concentration of solution before addition of maximum 
of pyruvic acid of phospho- possible colour 


or aldehyde tungstic acid developed 

0-02 m-Pyruvic acid 5 min. 98-5 
4-5 hr. 64-5 

0-10m-Pyruvic acid 5 min. 73-7 
4-5 hr. 17-0 

0-013 m-Formaldehyde 5 min. 88-3 
: 2 hr. 25-2 
0-13 m-Formaldehyde 5 min. 27-5 
2 hr. 0-0 

0-02 M-Acetaldehyde 2 hr. 17-0 
0-02 m-Acetaldehyde 2 hr. 0-0 
Cysteine 4-5 hr. 95-3 
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reagent. The results confirm the observations of 
Sullivan & Hess (1937 a, 6) that aldehydes tend to 
inhibit the reaction between cysteine and phospho- 
tungstic acid, except that we find acetaldehyde has 
almost the same inhibiting power as formaldehyde. 

Since, in our determinations of thiol-S, the phos- 
photungstic acid was added within 5 min. of bringing 
the hydrolysate to pH 5, large amounts of pyruvic 
acid or aldehydes would need to be present to mask 
any appreciable amounts of thiol-S in the hydro- 
lysates of alkali-treated wools. 

Another safeguard against obtaining misleading 
results due to the presence of pyruvic acid or alde- 
hydes was that each thiol determination was fol- 
lowed by the determination of disulphide-S. This 
involved the addition of sodium bisulphite to 
the test solutions. Any condensation products of 
cysteine with pyruvic acid or aldehydes would have 
been decomposed gradually by the NaHSO; and 
the intensity of colour produced by the addition of 
phosphotungstie acid would have increased con- 
siderably as the cysteine was liberated (Middlebrook 
& Phillips, 1942). Experimentally it was found that 
the intensity of the colour remained constant for 
6-7 hr. and in 24 hr. increased only slightly, a change 
due to the slow action of the NaHSO, on the phos- 
photungstic reagent, and visible also in the mercuric 
chloride blank. 

As a further check, the cysteine plus cystine con- 
tents of a wool before and after treatment with 
alkali were determined by Kassell & Brand’s modifi- 
cation (1938) of Baernstein’s method (1936), in 
which the protein is hydrolyzed and the cystine 
reduced with hydriodie acid. This acid is likely to 
decompose any condensation products of cystine 
with pyruvic acid or aldehydes. By this method, 
the untreated wool contained 2-53 % cysteine plus 
eystine-S as against 2-60% by the colorimetric 
method. This wool, after boiling with pH 10 buffer 
for 4 hr., returned 0-87 % cysteine plus cystine-S as 
against 0-92 % by the colorimetric method. 

Harris (1935) and Crowder & Harris (1936), who 
were unable to detect cysteine-S in the hydrolysates 
of alkali-treated wool, attributed their failure to the 
condensation of the cysteine with aldehyde groups. 
By hydrolyzing alkali-treated wool with 18N-H,SO,, 
which they considered would decompose the con- 
densation products, they obtained hydrolysates re- 
turning larger amounts of disulphide-S. We have 
found that the hydrolysates of untreated and alkali- 
treated wools with 18N-H,SO, are too highly 
coloured for the accurate determination of thiol-S, 
but the disulphide and thiol-S together could be 
determined after the addition of NaHSO,. The 
results we obtained did not indicate that 18N-H,SO, 
liberates more cysteine. By our usual methods of 
analysis, a wool before and after boiling for 4 hr. 
with borax buffer of pH 10 contained respectively 





W. R. CUTHBERTSON AND H. PHILLIPS 


1945 


3°16 and 0-98% disulphide plus thiol-S, whereas 
after hydrolysis with 18N-H,SO, the corresponding 
results were 3-14 and 0-94%. 

It thus appears unlikely that thiol groups in the 
alkali-treated wools we have examined have escaped 
estimation owing to faulty methods of analysis. To 
confirm that the methods we have used would esti- 
mate the thiol groups in a reduced wool, a sample 
of wool was immersed for 5 min. at ordinary tem- 
perature in a 2 % solution of sodium sulphide. Half 
of the almost gelatinized wool was rinsed with water 
and the other half with dilute acetic acid and then 
with water. When dry, the treated wool was stiff 
and parchment-like, but 0-87 % thiol-S was found 
in the hydrolysate of the water-rinsed wool and 
0-81% in the hydrolysate of the acid-rinsed 
wool. 

The terminal NH, groups. (a) Arginine. The un- 
treated wool was found to contain 19-4 % arginine-N 
(calc. on the total-N) by Vickery’s method (1940). 
After this wool had been boiled with a buffer of 
pH 10 for } hr., it contained 19-6% arginine-N. 
These values are identical and similar to the 
value 20-2% found by Vickery (1940) for wool. 
(b) «-NH,-N of lysine. The untreated wool ex- 
amined was a 64’s Cape merino from which the 
tips had been removed. Its total-S was 3-78%, 
disulphide-S, 3-12% and sulphate and Br-oxidiz- 
able-S, 0-17%. A 20g. sample was boiled for 1 hr. 
in 31. of borax-boric acid buffer of pH 8; a further 
10 g. were boiled for 65 min. with 1-51. of a borate 
buffer of pH 10. Samples of the untreated wool, the 
pH 8-and pH 10-treated wools were boiled separately 
with 0-1N-HCl (5 g./l.) for 2 hr. Such acid-treatment 
will increase the extent to which alkali-set wool 
fibres will contract when boiled subsequently in a 
1% solution of NaHSO, (Speakman & Stoves, 1937), 
from which it has been assumed (Stoves, 1942) that 
terminal NH, groups are liberated from —CH—N— 
cross-linkages. 

The rates of evolution of N, from these wools 
when treated with nitrous acid were determined 
and plotted and, on the assumption (Rutherford 
et al. 1937) that all the NH,-N of lysine is liberated 
within 4 min., extrapolation of the straight portions 
of these curves gave the percentages of lysine- 
NH,-N in the samples (Table 13). 


Table 13. The lysine amino-N of wool before and 
after treatment with boiling buffer solutions of 
pH 8 and 10 


—NH,-N 

Nature of treatment (%) 
None 0-301 
0-1N-HCl 0-389 
pH 8-treatment 0-303 
pH 8-treatment, then 0-1 N-HCl 0-405 
pH 10-treatment 0-253 
0-348 


pH 10-treatment, then 0-1 N-HCL 
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The value obtained for the untreated wool is of 


the same order of magnitude as that obtained by 
Rutherford et al. (1937), namely, 0-316. The pH 8- 
treated wool gives no evidence of loss of NH,-N, 
but the pH 10-treated wool shows a definite decrease 
which is not recovered by acid hydrolysis. This loss 
of NH,-N is small and corresponds to about 0-10% 8 
or 0-20 % disulphide-S, assuming that for each di- 
sulphide group one thiol group and one —SNH— 
cross-linkage is formed. 

The determination of CHO groups. Re :es (1926) 
showed that wool absorbed sma!! -.eounts of 
hydroxylamine and semicarbazide, the amounts 
being determined from the increase in total-N. 
Trotman, Trotman & Brown (1928) obtained similar 
results with wool which had been treated with acid 
solutions of hypochlorite. Race, Rowe, Speakman 
& Vickerstaff (1938) showed that root wool absorbed 
less semicarbazide and p-bromophenylhydrazine 
than was absorbed by the corresponding tip wool. 
Samples 1, 2 and 10 (Table 3) were examined by 
similar methods to find out whether they would 
absorb these reagents. 

The results of the analyses of the untreated and 
treated wool samples are given in Table 14, together 
with similar determinations of Race et al. (1938). 
In order that our determinations can be compared 
with those of Race et al. (1938), we have assumed, 
as they have done, that three atoms of N are ob- 
tained in the Kjeldahl method from each molecule 
of semicarbazide absorbed. Our preliminary in- 
vestigations show, however, that it is more likely 
that only one atom of N is liberated as NH, from 
each molecule of semicarbazide, so that the figures 
given could most likely be trebled to give the 
amounts of S removed from cystine linkages. Even 
when this is done, however, the figures obtained do 
not nearly equal the amounts of S lost by the wool 
as calculated from the observed fall in their disul- 
phide-S contents. 

From Table 14 it will be seen that our tip wool 
combined with much less phenylhydrazine than did 
the tip wool of Race et al. (1938). It is possible that 
our merino wool was less damaged than the coarser 
wool of Race e¢ al. (1938), since coarse wools are not 
so well protected by wool grease against the action 
of light during growth as are the merino wools. 

The amounts of phenylhydrazine with which the 
untreated and pH 8-treated fabric and root wools 
combined were very small, corresponding to about 
0-10% eystine-S. Further, acid hydrolysis of the 
pH 8-treated root wool did not enable it to combine 
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Table 14. S (% of wool) equivalent to amounts of 
ketonic reagents with which light-damaged, un- 
treated and alkali-treated wools combine 


8 (%) 
Disul- cc (UW#][__'[‘_1 
phide-S p-Bromo- 
lost Semi- phenyl- 
(%) carbazide hydrazine 
Tip wool* — 9-35 0-43 
Root wool* — 0-17 0-19 
Tip woolf 0-67 — 0-23 
Acid-treated tip woolt — — 0-29 
Root woolt 0-35 _— 0-18 
Acid-treated root woolt — “= 0-18 
Fabric wool (Table 3) 
Untreated 0-80 0-17 0-10 
pH 8-treated{ 0-96 0-17 - 
pH 10-treated § 2-67 0-38 0-18 
Cape-root wool|! 
Untreated 0-54 — 0-08 
pH 8-treated _— — 0-11 
pH 8-treated, then _— — 0-11 
0-1 N-HCl 
pH 10-treated _ — 0-20 
pH 10-treated, then _— _ 0-22 


0-1 n-HCl 
* Race et al. (1938). + Present authors. 
t Sample 2. § Sample 10. 


|| Samples used for determination of lysine-NH,-N 
(Table 13). 


with more phenylhydrazine. The pH 10-treated 
fabric and root wools combined with somewhat 
more phenylhydrazine than did the pH 8-treated 
wools, but the amount of combination was not 
increased by acid hydrolysis. 

The results thus provide little evidence that pH 8- 
treated wools contain free aldehyde or ketonic 
groups or that they contain —CH=—N— cross- 
linkages. In pH 10-treated wools small numbers of 
aldehyde or ketonic groups may be present, but 
they do not condense with NH, groups. Since 
pH 10-treated wools contain some combined «- 
amino-acrylic acid, traces of combined pyruvic acid 
may arise during the reaction of the wool with the 
p-bromophenylhydrazine. 


DISCUSSION 


Under a wide variety of conditions, ranging from 
boiling in buffer of pH 8-2 to exposure at room tem- 
peratures to 0-385N-Ba(OH), (pH 13), it appears 
to be possible to convert only about half the com- 
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CH.CH,SH + HOSCH,.CH 
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CH.CH,SH+CH,—CH +HSOH 
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bined cystine of wool into combined lanthionine. 
The simplest mechanism to propose for the reaction 
is to assume that the disulphide linkages hydrolyze 
and the sulphenic acid side-chains produced de- 
compose (see p. 15). 

The lanthionine then arises by the condensation 
of the cysteine side-chain with the methylene group 
of the combined z-amino-acrylic acid. The hypo- 
thetical dihydrogen sulphoxide liberated may either 


KCN 


ik / 
CH.CF,SSCH,.CH — 
NS x 
CH.CH,SCH,.CH 


——— 


give more complex inorganic S compounds or de- 
compose into water and 8. 

The combined «-amino-acrylic acid produced by 
the decomposition of the sulphenic acid group is 
unlikely to be the source of the pyruvic acid which 
was found in the acid hydrolysates of the treated 
wools. If this were so, we should also have found 
an equivalent amount of cysteine. Since only traces 
of cysteine were found in the hydrolysates, it appears 
probable that the conversion of one-half of the 
cystine into lanthionine occurs quantitatively. This 
suggests that the formation of the lanthionine is 
favoured by the molecular structure of keratin in 
the sense that the cysteine side-chains and the 
methylene groups are held in close proximity to 
one another. 

It is therefore likely that the other half of the 
combined cystine of the wool is the source of the 
pyruvic acid. The absence of cysteine in the hydro- 
lysates also suggests that two S atoms are eliminated 
from the cystine, giving two molecules of combined 
a%-amino-acrylic acid for each molecule of cystine 
(reaction 2). Assuming this reaction passes through 
the hydrolytic stage and that the sulphenic acid 
grouping decomposes as before, then the absence of 
lanthionine formation may be due to the instability 
of the cysteine group which may decompose as 
postulated by Nicolet (1931), and give rise to the 
second molecule of «-amino-acrylic acid. Further, 
the decomposition of this cysteine group may be 
favoured by the absence of structural factors tending 
to keep it in close proximity to the methylene group. 
The highest proportion of «-amino-acrylic acid 
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(corresponding to 1-22 % S) was formed in the wool 
during treatment with 0-385 N-Ba(OH),. A small 
fraction of the cystine-S appears to be very resistant 
to alkalis. 

Almost all the cystine of wool can be converted 
into lanthionine by solutions of KCN. This reaction, 
which may pass through the following stages, gives 
rise to lanthionine from the second as well as the 
first half of the combined cystine. 


. * e 
CH.CH,SK +NCSCH,.CH 





¥ 
* 


f. 
CH.CH,SH CH,—CH +KSCN 
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SUMMARY 


1. Only about one-half of the total combined 
cystine of wool is converted by alkaline solutions 
into combined lanthionine. The rate of conversion 
increases with increase of pH and rise of tem- 
perature. 

2. When the remaining half of the combined 
cystine of wool is decomposed by alkaline solutions, 
each molecule gives rise to two molecules of com- 
bined «-amino-acrylic acid. The rate of decomposi- 
tion is slow at pH 8, but increases as the pH increases 
and the temperature rises. 

3. Nearly all the combined cystine of wool is 
converted into combined lanthionine when wool is 
treated with solutions of KCN. 

4, An examination of the hydrolysates of alkali- 
treated wools has failed to provide evidence of the 
formation of —SNH— and —CH=N— cross- 
linkages, and intact alkali-treated wools do not 
contain free aldehydic groups which will combine 
with p-bromophenylhydrazine. 

5. It has been confirmed that the total-S of wool, 
undamaged by light or by detergent solutions, can 
be accounted for as cystine and methionine sulphur. 


The authors are indebted to Dr H. Lindley for assistance 
in the determination of the NH,-N of intact wools, to 
Dr L. F. Story for the determinations of pyruvic acid and 
bromine absorption values, and to Mr A. B. Gibson for 
assistance in the general analytical work. Thanks are also 
due to the Council of the Wool Industries Research Associa- 
tion for permission to publish this paper. 
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The Action of Alkalis on Wool 


2. THE IDENTITY OF THE LANTHIONINE-FORMING AND BISULPHITE-REACTIVE 
FRACTIONS OF THE COMBINED CYSTINE OF WOOL 


By H. LINDLEY anp H. PHILLIPS, Wool Industries Research Association, 
Torridon, Headingley, Leeds 6 


(Received 29 September 1944) 


In a previous investigation (Cuthbertson & Phillips, 
1945) it was shown that the combined cystine of 
wool could be divided into two, approximately 
equal, main fractions differing in their rate and 
mode of reaction with alkalis. One of these 
fractions could be converted quantitatively into 
combined lanthionine (Horn, Jones & Ringel, 
1941), whilst the other tended to decompose in a 
manner, similar to dialanyl cystine dianhydride 
(Bergmann & Stather, 1926), each cystine mole- 
cule giving two molecules of combined «-amino- 
acrylic acid: 


This reactive half, called fraction (A+B), was 
further divided (Middlebrook & Phillips, 1942a) 
into two subfractions: subfraction A, giving water- 
labile cysteine and S-cysteinesulphonate side- 
chains which reverted to disulphide-S when the 
bisulphited wool was rinsed with water, and sub- 
fraction B, giving cysteine and S-cysteinesul- 
phonate side-chains which were stable to water. 

In the present investigation we have studied the 
action of solutions of NaHSO, on wools which have 
been boiled with neutral and alkaline buffer solu- 
tions and have obtained evidence that it is fraction 


—NH co— —NH co— 
A Z * ee 
CH.CH,SSCH,.CH — C—CH, + H,S +S +CH,—C (1) 
ae 7 Le ; 
—CO NH— —CO NH— 


It was also shown (Elsworth & Phillips, 1941; 
Middlebrook & Phillips, 1942a) that only one-half 
of the combined cystine of wool would react with 
NaHSO, to give cysteine and S-cysteinesulphonate 
side-chains: 
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(4 +B) of the combined cystine which is converted 
by alkalis into combined lanthionine. The combined 
a-aminoacrylic acid arises from the alkali decom- 
position of the second half of the combined cystine, 
called fraction (C+D), which is not converted into 


CH.CH,SH rea (2) 
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cysteine and S-cysteinesulphonate side-chains by 
NaHSO, (Middlebrook & Phillips, 1942qa). 





METHODS 


The wool used was a commercially scoured and combed 
merino wool of 64’s quality, which was benzene-extracted, 
rinsed in water, dried and then conditioned, before analysis, 
in a controlled atmosphere at 21° and 65% r.n. Total-S 
was determined by the Carius method; SO, and § or 
S-compounds oxidized by Br to SO, (Br-oxidizable-S) 
were determined on the acid hydrolysate of the wool (1 g. 
boiled in 20 ml. 5N-HCl for 4 hr.) by Blumenthal & Clarke’s 
method (1935); thiol and disulphide-S on the acid hydro- 
lysate by Shinohara’s methods (1935 a, b), using a Spekker 
absorptiometer. Methionine-S was calculated from a deter- 
mination of methionine (Baernstein, 1936). Similar methods 


were used for the analyses of the treated wools. All analy- 


tical results are calculated on the weight of the anhydrous 
untreated and treated wools. 

Alkali treatment of wool samples. The samples of wool 
were boiied under reflux for the periods given in Table 1 
with 150 times their weight of borate buffers, prepared by 
dissolving the following constituents in 151. of water: 
pH 7, boric acid (175 g.), borax (17-1 g.), observed pH, 7-02; 
pH 8, boric acid (130 g.), borax (88 g.), observed pH, 8-04; 
pH 9, boric acid (37 g.), borax (230 g.), observed pH, 8-98; 
pH 10, borax (172 g.), NaOH (24 g.), observed pH, 10-00. 
Samples of wool were also boiled in a similar manner with 
acid buffers (Table 4) containing in 151.: sodium acetate 
(49-2 g.), acetic acid (144 g.), observed pH, 4-06; sodium 
acetate (73-8 g.), acetic acid (126 g.), observed pH, 5-12. 

During the neutral and alkaline treatments, the pH of 
the buffers fell slightly; those at pH 7--9 by 0-1 unit or less, 
and that at pH 10 by a maximum of 0-2 unit. After treat- 
ment, the wool samples were rinsed in water, until the pH 
of the washings was about 7. 

Alkali treatment of stretched wool fibres. When wool fibres 
are stretched so that their extended length is 30% greater 
than their natural length, the configuration of the poly- 
peptide chains changes from the «-coiled form to the 
B-straight form (Astbury & Street, 1931). To explain the 
alterations in the physical properties of wool fibres when 
treated with alkalis, it has been assumed that the reactivity 
of the disulphide linkages increases when the fibres are 
stretched (Astbury & Street, 1931; Speakman, 1936). 

In an attempt to detect this presumed increase in re- 
activity the wool was boiled in pH 8 buffer whilst extended 
30%. For this purpose, a portion of the top wool was spun 
into a yarn, highly twisted to prevent the fibres slipping 
over one another during extension. The technical description 
of the yarn was 1/48’s with 30 turns/in. The yarn was 
wound on a stout square frame of stainless steel, one side 
of which could be moved outwards and held in position by 
threaded nuts. The yarn passed over this movable side and 
over the opposite fixed side of the frame. The unstretched 
yarn (10 g.) was first immersed in the cold buffer for 17 hr., 
then extended 30%, and the frame placed in 41. of buffer 
which was boiled under reflux for 1 hr. At the end of this 
treatment, the tension had decayed and the yarn had 
acquired a permanent set. It was rinsed in water until the 
pH of the water extract was below 7, and then conditioned. 

Treatment of wool samples with NaHSO,. Quadruplicate 
samples (0-4 g.) of the untreated and treated wools were 
thoroughly wetted and then immersed for 17 hr. in 30% 
(w/v) NaHSO, (20 ml.). After being squeezed to remove as 
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much NaHSO, solution as possible, they were hydrolyzed 
by boiling in 20 ml. 5N-HCl for 4 hr. During hydrolysis 
the S-cysteinesulphonate group is converted into a cysteine 
group, so that two cysteine groups arise in the hydrolysate 
for each disulphide group that has reacted with the NaHSO, 
(reaction 2). It was found necessary to boil the hydrolysates 
until free from all traces of SO,, otherwise the values ob- 
tained for the thiol-S were very high and those for the 
disulphide-S correspondingly low. Samples of the pH 8- 
treated extended yarn were bisulphited in a similar manner. 

The samples of bisulphited wools, prepared as described 
above, were rinsed during $ hr. in four changes of tap water, 
used as a convenient source of a slightly alkaline water 
(pH 9). 

RESULTS 
The S-distributions of wools after boiling 
with buffers of pH 7-10 


The S-distributions of the wool before and after 
boiling in the buffer solutions are given in Table 1. 


Table 1. The S-distributions of wool before and after 
boiling in buffer solutions of pH. 7-10 and the con- 
version of disulphide-S into lanthionine-S 


Dura- Br-oxidiz- 
tion of Thiol- able-S Loss of 
treat- +disul- +S0O,;, Lanthio-  disul- 
ment phide-S as § Total-S nine-S__ phide-S 
(hr.) — (%) (%) (%) (%) (%) 
0 3-10 0-20 3-76 0-36 0-56 
At pH7 
2 2-74 0-30 3-58 0-44 0-92 
+ 2-53 0-39 3-52 0-50 1-13 
7 2-36 0-42 3-38 0-50 1-30 
16 2-04 0-45 317 0-58 1-62 
32 1-73 0-46 3-00 0-71 1-93 
At pH 8 
1 2-28 0-35 3-47 0-72 1-38 
2 2-08 0-42 3-42 0-82 1-48 
4 1-72 0-39 3-18 0-97 1-94 
6 1-61 0-38 3-02 0-93 2-05 
9 1-36 0-35 2-77 0-96 2-30 
13 1-17 0-28 2-55 1-00 2-49 
At pH 9 
4 1-89 0-63 3-38 0-76 1-77 
1 1-57 0-48 2-92 0-77 2-09 
2 1-17 0-42 2-64 0-95 2-49 
4 0-97 0-31 2-44 1-06 2-69 
At pH 10 
4 0-90 0-45 2-44 0-99 2-76 
1 0-67 0-45 2-27 1-05 2-99 
2 0-57 0-40 2-14 1-07 3-09 


The lanthionine-S present in the wools was calcu- 
lated on the assumption that any 8S which is not 
present either as thiol- or disulphide-S, S as SO;, 
Br-oxidizable-S, methionine-S (0-10%) is present 
as lanthionine-S. Further, if it be assumed the 
wool has not lost any S during growth or conversion 
into combed wool, then the total-S of the untreated 
wool is equal to the sum of the original cystine-S 
plus the methionine-S. On this assumption, the 
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original cystine-S is 3-66 %, and by subtracting the 
observed values of the thiol- plus the disulphide-S 
from this value, the loss of disulphide-S before or 
during the treatments with buffers was calculated. 

This method of calculating the lanthionine-S con- 
tent of the wool is indirect and consequently not of 
a high order of accuracy. Moreover, it may include 
unidentified forms of organic S-compounds, and 
some direct method of estimation would therefore 
be preferable. Hess & Sullivan (1942) have described 
a method of estimating lanthionine directly by re- 
ducing the lanthionine to cysteine and some other 
unstated product with HI. Attempts have been 
made to repeat this work on both alkali-treated 
wool and analytically pure lanthionine, but no evi- 
dence of reduction to cysteine by HI could be ob- 
tained. In the circumstances therefore only a calcu- 
lated value for lanthionine can be quoted. 

The results of these calculations confirm the con- 
clusions of Cuthbertson & Phillips (1945), that about 
half the original disulphide-S of wool is converted 
by alkalis into lanthionine-S. Assuming the original 
virgin wool contained 3-66 % disulphide-S, then the 
maximum amount of lanthionine-S to be expected 
is 0-91 %. This value is sometimes exceeded slightly, 
particularly at the higher pH values, probably be- 
cause the lanthionine-S is calculated as a percentage 
of the weight of the anhydrous wool after treatment. 
Some of the wool, however, is dispersed, the loss in 
weight reaching about 10% for the longer periods 
of boiling in buffer of pH 10. 

After prolonged boiling in the neutral buffer, and 
for shorter periods in the alkaline buffers, more 
disulphide-S is lost by the wool than corresponds 
to the lanthionine formed. Cuthbertson & Phillips 
(1945) have provided evidence that when this occurs, 
the second half of the combined cystine is decom- 
posing to combined «-aminoacrylic acid (reaction 1). 


The reaction between alkali-treated 
wools and NaHSO, 


Disulphide-S fraction (A+B). Previous work has 
shown that when wool is treated with solutions of 
NaHSO, only part of the combined cystine, called 
fraction (A + B), reacts to give thiol- and S-cysteine- 
sulphonate groups (equation (2); Elsworth & 
Phillips, 1941; Middlebrook & Phillips, 1942a). The 
amount of the combined cystine which reacts is 
dependent on the bisulphite concentration, pH and 
temperature, but under the optimum conditions 
little more than half of the total combined cystine 
will react in this manner. Of the fraction which 
does react, subfraction A can be readily reconverted 
to disulphide by rinsing the bisulphited wool in 
water. 

In order to compare the behaviour of alkali- 
treated wool with that of untreated wool towards 
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solutions of NaHSO, of different concentrations, a 
virgin root wool, prepared by Cuthbertson & 
Phillips (1945) was boiled for 3 hr. with a buffer of 
pH 8. Samples of this wool were then immersed for 
17 hr. in NaHSO, solutions of different concentra- 
tions. Part of each sample of bisulphited wool was 
hydrolyzed before and part after rinsing with water. 
In Fig. 1 the thiol-S contents of the hydrolysates of 
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NaHSO,, % (w/v) in bisulphite solution 
Fig. 1. e—e Unrinsed, alkali-treated wool after bisul- 
phiting. +—+ Rinsed, alkali-treated wool after bisul- 
phiting. 


the wools are plotted against the concentrations of 
the NaHSO, solutions in which they were bisul- 
phited, and comparison with similar graphs obtained 
by Middlebrook & Phillips (1942a) shows that the 
extent of the reaction between alkali-treated wools 
and NaHSO, is influenced by the concentration of 
the NaHSO, in the same manner as the reaction 
between untreated wool and NaHSO,. It is also 
evident from Fig. 1 that subfraction A is destroyed 
by the alkali treatment more rapidly than is sub- 
fraction B. 

Table 2 gives the results of the analyses of the 
alkali-treated wools of Table 1 after they had been 
bisulphited and also after they had been bisulphited 
and rinsed in water. The values quoted for fraction 
(A+B) and subfraction B are the means of four 
concordant determinations. It will be seen that the 
(A + B) fraction of the disulphide-S of the untreated 
wool was 1-84 %, corresponding to half the assumed 
disulphide-S of the virgin wool (3-66%). As the 
severity of the alkaline treatment increases, fraction 
(A+B) decreases and is almost completely de- 
stroyed by boiling the wool for } hr. with buffer of 
pH 10. Further, subfraction A decomposes very 
rapidly even at pH 8. 

Tables 1 and 2 show that as fraction (A + B) be- 
comes smaller, the percentage of lanthionine-S in 
the wool increases. This is brought out more clearly 
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Table 2. The combined cystine-S present as sub- 
fractions A and B in untreated and buffer-treated 
wools 


Sub- 
fraction A 
(by difference), 
as § 


Sub- 
fraction B, 
as S 
(%) 
1-02 
At pH 7 
0-94 
0-88 
0-90 
0-81 
0-72 
At pH 8 
0-85 
0-77 
0-65 
0-54 
0-45 
0-35 
At pH 9 
0-73 
0-63 
0-46 
0-28 
At pH 10 
0-23 
0-17 
0-16 


Duration Fraction 
of buffer (A+B), 
treatment as S$ 
(hr.) (%) 
0 1-84 


Ss 
(%) 
0-82 


@ rete tins 
SESE 


0-34 


0-20 
0-14 
0-14 


by the upper curve of Fig. 2, which was fitted to 
the experimental points using the method of least 
squares. This curve was not significantly different 
statistically from a straight line. Since this line has 
a slope indicating that almost exactly two equi- 
valents of disulphide-S disappear for each equi- 
valent of lanthionine-S produced, it is clear that the 
disulphide-S of wool which reacts with NaHSO, is 
also the fraction which is converted to lanthionine 
by alkalis and also that lanthionine is probably the 
only organic S-compound produced by the action of 
alkalis on wool. A detailed statistical examination 
of the analyses of the wools treated at pH 7 gave 
further support to these conclusions. The rate of 
loss of S by destruction of fraction (A + B) did not 
differ by an amount which was statistically signi- 
ficant from twice the rate at which lanthionine-S is 
produced in the wool. 

Disulphide-S fraction (C+D). By subtracting 
fraction (A+B) from the total thiol- plus disul- 
phide-S of the wools, the disulphide-S of fraction 
(C+D) can be calculated (Table 3). It is not greatly 
affected by boiling the wool at pH 7, but at higher 
pH values it undergoes greater change, although 
even at pH 10a small fraction persists and accounts 
for almost all of the disulphide-S that remains in 
the wool. If fraction (A+B) is the source of the 
lanthionine produced by the treatment of the wool 
with mild alkalis, then fraction (C + D) is the cystine 
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which decomposes to give combined «-aminoacrylic 
acid (reaction 1). The amount of fraction (C+D) 
that decomposes in this manner can be calculated. 
First, the disulphide-S lost by the wool during treat- 
ment is equal to the total-S of the original wool 
minus the sum of the S lost during treatment, the § 
present as SO; and the Br-oxidizable-S. Secondly, 


Disulphide-S destroyed, as % of dry wool 
>? = > ~~ 
4. ao @ oO 


= 
nS 


Oo 


0 O02 04 06 O08 10 12 _I4 
Lanthionine-S, as % of dry wool (o—o) 
S lost, as % of dry wool (e—e) 
Fig. 2. o—o Conversion of disulphide-S fraction (A +B) 
into lanthionine-S. e—e Conversion of disulphide-S 
fraction (C + D) into combined «-aminoacrylic acid. 


some of the disulphide-S lost is converted into lan- 
thionine and the amount is equal to twice the in- 
crease in lanthionine-S. The disulphide-S converted 
to combined «-aminoacrylic acid is therefore equal 
to the disulphide-S lost minus the increase in lan- 
thionine-S of the treated over that of the untreated 
wool. The results of these calculations are given in 
Table 3. 

The results obtained at pH 7 were examined 
statistically. Fraction (C+D) and the disulphide-S 
converted to combined «-aminoacrylic acid were 
each plotted against the logarithm of the duration 
of treatments. Using the method of least squares, 
straight lines were fitted to the points obtained. 
The slope of these lines showed that at any given 
time the rate of loss of S was not significantly 
different from the rate of disappearance of fraction 
(C+D), thus providing evidence that this fraction 
yields «-aminoacrylic acid. In addition, fraction 
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(C+D) was plotted against the S lost to give 
a-aminoacrylic acid. Using the method of least 
squares, the best straight line fitting the experi- 
mental points was determined (lower curve of Fig. 2). 


Table 3. The combined cystine-S present as fraction 
(C+D) in untreated and buffer-treated wools and 
the S lost during buffer treatment with the formation 
of combined «-aminoacrylic acid 


Duration S lost with 
of buffer Fraction formation of 
treatment (C+D) a-aminoacrylic acid 
(hr.) (%) (%) 
0 1-26 (0-0) 
At pH 7 
2 1-12 0-24 
4 1-19 0-38 
7 1-13 0-42 
16 0-98 0-54 
32 0-83 0-54 
At pH 8 
1 1-14 0-08 
2 1-13 0-12 
4 0-90 0-08 
6 1-07 0-30 
9 0-84 0-58 
13 0-64 0-64 
At pH 9 : 
4 1-10 0-29 
1 0-92 0-87 
2 0-71 0-74 
4 0-63 0-57 
At pH 10 
4 0-70 0-89 
1 0-53 0-91 
2 6-43 0-99 


The slope of this line does not show the_expected 
1: 1 relationship between disulphide-S destroyed and 
S lost with the formation of «-aminoacrylic acid, 
but indicates that 1-5 equivalents of combined 
«-aminoacrylic acid are formed for each equivalent 
of fraction (C + D) destroyed. It is possible that this 
lack of agreement between hypothesis and experi- 
ment is due to the inaccuracy of the results when 
small losses of S occur to give combined «-amino- 
acrylic acid. This may be due partly to experimental 
error, but in addition, our assumption that the S in 
the original wool which cannot be accounted for 
either as disulphide, thiol, SO;, or Br-oxidizable-S 
is entirely lanthionine-S may not be correct. This S 
may be present partly as some other S-containing 
amino-acid derived from cystine by the combined 
action of light and air and breaking down on hydro- 
lysis in a manner similar to the disulphide-S of 
fraction (C+D). Some evidence supporting this 
conclusion was obtained when the untreated wool 
was boiled with feebly acid buffers. As shown in 
Table 4, some ‘lanthionine-S’ was removed, and 
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since lanthionine is not likely to be decomposed by 
boiling buffers of low acidity, the small amount of § 
lost may come from some unidentified S-containing 
amino-acid. 


Table 4. The S-distribution of wool before and 
after boiling in feebly acid buffer 


Dura- Br-oxidiz- 
tion of Thiol- able-S 
treat- +disul- +S0,, Lanthio- 
pH of ment  Total-S_ phide-S as § nine-S 
buffer —_(hr.) (%) (%) (%) (% 
— 0 3-76 3-10 0-20 0-36 
5 2 3-56 3-08 0-17 0-21 
4 4 3°77 3-17 0-34 0-16 
4 2 3-58 3-05 0-23 0-20 
4 4 3-56 3-07 0-16 0-23 


The action of pH 8 buffer on 
extended wool fibres 


The results of the analysis of this extended wool 
after boiling in pH 8 buffer and also after the alkali- 
treated wool had been bisulphited are given, in 
Table 5. The S-distribution of the alkali-treated 
wool is the same as that of the unextended wool 
after similar treatment (Table 1). There thus appears 
to be no difference in the reactivities of the di- 
sulphide-S linkages of stretched and unstretched 
wool fibres towards boiling pH 8 buffer. When the 
extended alkali-treated wool was bisulphited, it 
gave a slightly larger (A+B) fraction, and sub- 
fraction B was also somewhat larger than was ob- 
tained on bisulphiting the unextended alkali-treated 
wool. The observed differences are, however, within 
the limits of experimental error. 


Table 5. The S-distribution of extended wool fibres 
after boiling with pH 8 buffer and after subsequent 
treatment with NaHSO, 


After alkali treatment (%) 
Total-S 3-48 
Thiol- + disulphide-S 2-31 
Br-oxidizable-S +SO,, as 8 0-34 
Lanthionine-S (calc.) 0-73 
Loss of disulphide-S (calc.) 1-35 


After bisulphiting 


Fraction (A + B) 1-28 
Fraction (C + D) (by diff.) 1-03 
Subfraction B 1-14 
Subfraction A (by diff.) 0-14 
S lost with the formation of «-amino- 0-05 


acrylic acid 


DISCUSSION 


The present experiments enable us to give the fol- 
lowing more detailed picture of the reactivities of 
the four subfractions into which we have divided 
the combined cystine-S of wool (Middlebrook & 
Phillips, 1942a). 





H. LINDLEY AND H. PHILLIPS 
Wool: disulphide-S, 3-66% 


Disulphide-S fraction (A +B), 18% 


Disulphide-S fraction (C+D), 1:8% 


(i) NaHso, 


Subfraction A (0-8%) gives water-labile —SH and 
NaO.SO,.SCH,-groups; subfraction B (1-:0%) gives 
water-stable —SH and NaO.SO,.SCH,-groups. 


Subfraction C (0-8%) is inert. Subfraction D (1-:0%) 
decomposes (particularly above room temperatures) and 
yields combined «-aminoacrylic acid. 


(ii) Formaldehyde (Middlebrook & Phillips, 19426) 


Subfraction B reacts at 70° and pH 5-6. 


Reacts very slowly, if at all, at 70° and pH 5-6. 


(iii) Alkalis 


Converted into lanthionine. Subfraction A changes 
more rapidly than subfraction B. 


It was previously suggested (Middlebrook & 
Phillips, 1942a) that subfraction D might yield 
lanthionine when wool was treated with warm 
NaHSO,. More recently we have tried without 
success to isolate this acid, by the method of Horn 
et al. (1941), from a wool which had been treated 
with NaHSO, at 70°. Since we found that such 
wools yield pyruvic acid when hydrolyzed, it now 
appears probable that, when subfraction D decom- 
poses, one molecule of combined «-aminoacrylic acid 
is produced for each disulphide group destroyed. 
Our evidence as to the nature of the other product 
of this decomposition is still incomplete: it may 
be either a thiol group or a further molecule of 
a-aminoacrylic acid. 

The above scheme suggests that a clear-cut differ- 
ence exists between fraction (A+B) and fraction 
(C+D). Fraction (A+B) gives definite reactions 
under mild experimental conditions with all three 
reagents. On the other hand, fraction (C + D) reacts 
only under more severe experimental conditions, 
such as increase in temperature and longer periods 
of treatment at higher alkalinities, and even then 
some residual disulphide-S, which we have called 
subfraction C, tends to remain unchanged. 

The isolation by Hess & Sullivan (1939) of a 
substance identified tentatively as a-dihydroxy 
B-dithiopropionic acid from hydrolysates of deami- 
nated wool suggests that some of the amino groups 
of a portion of the combined cystine of wool may be 
free. If this were so it might explain the existence 
of more than one type of combined cystine in wool. 
We have been unable, however, to confirm the con- 
clusion of Hess & Sullivan (1939), and in addition 
have found that «-dihydroxy B-dithiopropionic acid, 
prepared by Westerman & Rose’s method (1928), is 
largely destroyed by hydrolysis with Sn and H,SO,, 
the method used by Hess & Sullivan (1939) to 
hydrolyze their deaminated wool. Patterson, Geiger, 
Mizell & Harris (1941) have also examined the 
hydrolysates of deaminated wool and have deter- 
mined by titration the number of free carboxyl and 
amino groups in intact wool in excess of the number 
that can be attributed to the dicarboxylic and 


Both subfractions give «-aminoacrylic acid: sub- 
fraction C slowly. 


diamino acids. They concluded that little, if any, 
of the combined cystine of wool exists with either 
free carboxyl or amino groups. 

The difference between fractions (4+8) and 
(C+D) may arise because fraction (A +B) is more 
accessible than fraction (C+D). Another cause of 
the difference may be that the reactions of fraction 
(A+B) are more rigidly controlled by the structure 
of the protein molecules so that the § atoms of this 
fraction cannot become widely separated when the 
disulphide linkages are broken. The properties of 
this fraction agree, therefore, with the accepted view 
that the polypeptide chains of wool are cross-linked 
by cystine. 

There is some evidence that when fraction 


(C+D), or more particularly subfraction D, is 


broken, a new line of cleavage is produced in the 
wool micelles which facilitates their dispersal. For 
example, wool resists dispersal by hot weak alkalis 
that only convert fraction (A + B) into lanthionine, 
but is dispersed by cold strong alkalis that not only 
convert fraction (4+ 8B) into lanthionine but also 
decompose fraction (C+D). Again, when fraction 
(4 +B) is broken either by cold NaHSO, or thiol- 
acetic acid (Middlebrook & Phillips, 1942a), the 
wool swells but remains intact and shows little 
tendency to disperse. On the other hand, when 
treated with NaHSO, at 70°, which decomposes 
fraction (C+D) and converts fraction (A+B) to 
thiol and S-cysteinesulphonate groups, then the 
wool tends to disintegrate and disperse. 

Such observations lend support to the view that 
fraction (C+D) may not be, like fraction (A+B), 
between the polypeptide chains. Thus it might be 
suggested tentatively that one or both of the sub- 
fractions of fraction (C+D) subdivides pairs of 
polypeptide chains into shorter lengths of the con- 
ventional pattern, cross-linked by fraction (A + B) 
(shown on p. 23). 

The difference between the reactivities of sub- 
fractions A and B is slight. Indeed, at present, it is 
possibly misleading to give numerical values to 
these separate subfractions, since their relative 
sizes are dependent on the physico-chemical condi- 
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tions under which the thiol and S-cysteinesulpho- 
nate groups of subfraction A are reconverted into 
disulphide-S. The difference between subfractions 
A and B may therefore be due to their environment: 
one subfraction may be arranged along the chains 
in close proximity to the more polar side-chains, 
whereas the other may have the less polar side- 
chains as neighbours. 


Polypeptide chain 
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(C+D) is converted into combined «-aminoacrylic 
acid by alkalis and also by warm solutions of 
NaHSO,, but does not react with NaHSO, at room 
temperature. 

2. Each ‘fraction of the combined cystine has 
been divided into two subfractions. Subfraction A 
yields lanthionine more rapidly and at lower alka- 
linities than does subfraction B. Subfraction A 


Polypeptide chain 


co epeaciataretinee- 
oH, oe CH, 
2 CH.CH,SSCH,.CH : 
pf ‘ 
i CH 
cats eek all H~ igaeceagie Katee: 
CH, CH, 
8 8 
S s 
CH, CH, 
acatpaaan aca lenen AN Cie nlcegee 
CH, oy Ps CH, 
: CH.CH,SSCH,.CH 
CH yr \ CH 


The difference between subfractions C and D 
appears to be of a more complex character. Sub- 
fraction D yields «-aminoacrylic acid fairly readily, 
but subfraction C is the most chemically inert of 
the four subfractions. 


SUMMARY 


1. The combined cystine of wool has been divided 
into two equal fractions called (A +B) and (C+D) 
which differ in their mode of reaction with weak 
alkalis and NaHSO,. Fraction (A+B) gives com- 
bined lanthionine when the wool is treated with 
alkalis, and thiol and S-cysteinesulphonate groups 
when the wool is treated with NaHSO,. Fraction 


yields water-labile thiol and S-cysteinesulphonate 
groups, whereas the thiol and S-cysteinesulphonate 
groups derived from subfraction B are water-stable. 
Subfraction D is converted to combined «-amino- 
acrylic acid by alkalis and NaHSO, more readily 
than is subfraction C. 

3. No significant difference has been found 
between the reactivities towards weak alkalis of 
unstretched wool fibres and wool fibres that had 
been stretched 30%. 


The authors are indebted to Mr W. L. Semple for the 
statistical analysis of their results. Thanks are due to the 
Council of the Wool Industries Research Association for 
permission to publish this paper. 
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Notatin: an Anti-bacterial Glucose-aerodehydrogenase from Penicillium 
notatum Westling and Penicillium resticulosum sp. nov. 


By C. E. COULTHARD, R. MICHAELIS, W. F. SHORT, G. SYKES (Boots Pure Drug Co. Ltd.), 
G. E. H. SKRIMSHIRE, A. F. B. STANDFAST (The British Drug Houses Lid.), J. H. BIRKINSHAW 
AND H. RAISTRICK (Division of Biochemistry, London School of Hygiene and Tropical Medicine) 


(Received 11 October 1944) 


In studying the anti-bacterial properties developing 
in cultures of Penicillium notatum on the lines 
already pursued by Fleming (1929), Clutterbuck, 
Lovell & Raistrick (1932), Abraham, Chain, Fletcher, 
Florey, Gardner, Heatley & Jennings (1941) and 
others, progress was at first difficult owing to the 
erratic results of the bacteriological assays. It was 
soon found that when culture filtrates from various 
strains were assayed against Staphylococcus aureus, 
the addition of glucose to the test medium pro- 
foundly affected the results. Some cultures pro- 
duced a substance active in the absence of glucose 
(penicillin) and showed the characteristics already 
described in the papers cited above. Other cultures 
produced a substance active only in the presence of 
glucose; these cultures showed development of 
acidity up to about pH 3-5, which was maintained 
for some time, the culture finally becoming alkaline. 
The substance responsible for anti-bacterial activity 
in presence of glucose has been isolated and was 
originally named ‘Penicillin A’ (Boots Pure Drug 
Co. Ltd., Coulthard, Michaelis & Short, 1941), but 
the name was later changed to ‘notatin’ to avoid 
confusion with penicillin. Notatin has formed the 
subject of brief notes in the literature (Coulthard, 
Michaelis, Short, Sykes, Skrimshire, Standfast, 
Birkinshaw & Raistrick, 1942; Birkinshaw & Rais- 
trick, 1943), but no complete account of its produc- 
tion, isolation, properties, nature and mode of action 
has hitherto been published by us, the details having 
been reserved for the present communication. 

Notatin is isolated from the culture filtrate by 
evaporation of the culture solution and precipitation 
with acetone, or by producing a complex with tannic 
acid from which notatin is regenerated by extracting 
the tannic acid with acetone (The British Drug 
Houses Ltd. & Skrimshire, 1942). The crude sub- 
stance can be purified by regeneration from the 
complexes which it forms with tannic acid or 
Reinecke salt. 

Notatin is an enzyme of a flavoprotein nature, 
catalyzing the oxidation of glucose to gluconic acid 
by means of atmospheric oxygen, with the produc- 
tion of hydrogen peroxide according to the equation : 

C;H,,0;.CHO +H,0 + 0,>C;H,,0,.COOH + H,0,. 


Notatin is in fact similar in its enzymic properties 
to the ‘glucose oxidase’ obtained by Miiller (1928, 
1929, 1936) from Aspergillus niger mycelium and 
later obtained in a purer form by Franke & Lorenz 
(1937) and Franke & Deffner (1939); it is, however, 
much more potent than the preparation of these 
authors and is believed to represent the same pro- 
duct in a much higher state of purity. Other in- 
vestigators (Kocholaty, 1942, 1943; Roberts, Cain, 
Muir, Reithel, Gaby, Van Bruggen, Homan, Katz- 
man, Jones & Doisy, 1943; Van Bruggen, Reithel, 
Cain, Katzman, Doisy, Muir, Roberts, Gaby, Homan 
& Jones, 1943; Waksman & Horning, 1943) have 
also obtained from the culture fluid_of Penicillium 
notatum an anti-bacterial substance with the pro- 


perties of a glucose aerodehydrogenase which is 


almost certainly identical with notatin. 

Van Bruggen et al. (1943) call attention to what 
they consider a point of discrepancy between the 
properties of their ‘ Penicillin B’ and notatin. Peni- 
cillin B was found to promote production of acid and 
H,O, in presence of d-xylose, d-mannose and d- 
galactose as well as d-glucose, whereas notatin was 
stated (Coulthard et al. 1942) to show anti-bacterial 
action only in presence of glucose. The latter brief 
note summarized our observations on the replace- 
ment, in the broth substrate employed in the anti- 
bacterial test, of glucose by various other carbo- 
hydrates and related compounds. None showed any 
capacity to replace glucose with the exception of 
maltose, which was about one-tenth as effective 
as glucose. Since, however, maltose is a readily 
hydrolyzed disaccharide, any hydrolysis during 
sterilization would in this case produce glucose, 
which would then show inhibition in the normal 
manner. 

We have examined the enzymic action of notatin 
on other sugars by measuring the oxygen uptake 
and acidity produced on shaking in presence of 
oxygen. Xylose and mannose showed a definite 
though slow uptake of oxygen, but with maltose, 
arabinose and galactose no oxygen was absorbed. 
These results are sufficiently close to the observa- 
tions of Franke & Deffner (1939) and Van Bruggen 
et al. (1943) to encourage the belief that the oxidase 
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of Miiller, notatin, and penicillin B are identical; 
a slight difference in purity could account for the 
observed difference in respect of galactose. With all 
preparations the rate of attack on glucose is of a 
much higher order. 

Hirsch (1943) observed the secretion of a glucose- 
oxidizing enzyme by P. notatum Fleming (sic), and 
claimed that whilst it bore a general resemblance to 
notatin it differed in two respects: formation of 
H,0, in the oxidation of glucose was not detected, 
and the enzyme was bacteriostatic, not bactericidal. 
Hirsch worked with dialyzed culture filtrates, his 
only recorded attempt at isolation of the enzyme 
giving a water-insoluble product. It is possible that 
any differences in behaviour between Hirsch’s 
enzyme and notatin are due to the difference in 
purity of the two products. 

That the anti-bacterial action of notatin is due 
to its aerodehydrogenase activity and in particular 
to the production of hydrogen peroxide is evident 
from the following facts: (1) similar conditions are 
required for anti-bacterial activity and for aero- 
dehydrogenase action; (2) in presence of catalase, 
which destroys hydrogen peroxide, notatin has no 
anti-bacterial activity. 

Since the actual anti-bacterial agent in notatin 
activity is hydrogen peroxide it follows that any 
flavoprotein enzyme system which gives rise to 
hydrogen peroxide should show the same anti- 
bacterial action. This has been demonstrated by 
Green & Pauli (1943) for the flavoprotein of milk, 
which catalyzes the oxidation of hypoxanthine 
to uric acid. They conclude that there is little 
to choose between the flavoproteins from cow’s 
milk and P. notatum respectively as far as anti- 
bacterial action is concerned, the sole difference 
being that notatin is a somewhat more stable 
enzyme. 

Birkinshaw, Raistrick & Smith (1942) noted the 
anti-bacterial activity of the culture fluid from 
P. resticulosum. In examining the metabolic pro- 
ducts of this mould they isolated a new mould 
metabolic product, fumaryl-dl-alanine, which had 
no anti-bacterial activity, and a substance with 


» high anti-bacterial titre which was precipitated by 


acetone from the culture solution in a crude form. 
The nature of this substance was not determined. 
As the properties of notatin showed certain simi- 
larities to those of this earlier product the P. resti- 
culosum active substance was further examined and 
it was indeed found to act as a glucose-aerodehydro- 
genase. It could be isolated in more active form 
than hitherto by the tannic acid precipitation as 
developed for notatin, although the yield was so 
small that no attempt was made to purify to the 
same degree as notatin. The evidence is sufficient, 
however, to indicate that it is in all probability 
identical with notatin. 
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EXPERIMENTAL 
PRODUCTION OF NOTATIN 


Organism. The most satisfactory culture of Penicillium 
notatum Westling for the production of notatin was derived 
from a strain supplied by Sir Alexander Fleming. It has 
been maintained on a liquid medium and subcultured at 
10-20-day intervals, single-spore isolations being carried 
out at intervals. 

Medium and method of culture. In one laboratory the 
Czapek-Dox medium (A) was employed: NaNO,, 2-0 g.; 
MgSO,.7H,0, 0-5g.; FeSO,.7H,O, 0-01 g.; KH,PO,, 
1-0 g.; KCl, 0-5 g.; glucose monohydrate, 40-0 g.; tap water, 
11. This was filled (in 500 ml. amounts) into 40 oz. white 
flint-glass panelled bottles, plugged with cotton-wool and 
sterilized by steam at 115°. The final pH value is 6-0-6-5. 
The culture filtrate from medium A has a pH value of about 
3-5 and is inhibitory for Staph. aureus up to a titre of 70,000. 

Throughout this paper the anti-bacterial activity or titre 
of solutions or solid products expresses the number of ml. 
to which 1 ml. of the solution must be diluted or in which 
1 g. of solid must be dissolved to attain the limiting active 
dilution, i.e. the maximum dilution completely inhibiting 
growth of Staph. aureus in the standard glucose-broth 
medium when incubated for 18 hr. at 37° (see ‘Assay of 
notatin’, p. 30). 

Kept in a cool place, free from mycelium, and saturated 
with chloroform, culture filtrates retain activity for periods 
of at least 3 months and even at times appear to increase 
in potency. 

In another laboratory the Czapek-Dox medium was 
modified by the addition of sodium acetate (+3H,0), 1-0 g.; 
trisodium citrate (+3H,O), 1-0g.; and CuSO,.5H,0, 
0-0175g./1. (medium B). For the composition of this medium 
we are indebted to Dr C. G. Pope of the Wellcome Physio- 
logical Research Laboratories (private communication). 
In medium B adjusted to pH 7-8 before sterilization by 
autoclaving at 10 1b. for 30 min. or by steaming at 100° 
for 45 min., notatin was produced regularly to an anti- 
bacterial titre of 10,000—25,000. 

After the addition of a small volume of an aqueous sus- 
pension of the culture, the bottles were inclined on racks to 
give a shallow liquid layer with maximum surface, and 
incubated at 20—22°, although good yields have been ob- 
tained at 12-15° and sometimes at higher temperature. 
The liquor was poured from the mycelium and filtered 
lightly through cloth. A little chloroform was added as 
preservative and the solution treated as described in the 
section on isolation. 


Table 1. Effect of age of culture on 
anti-bacterial titre and pH 


(Cultures grown on medium 4; initial content of glucose 
monohydrate =4 % .) 


Age of Glucose 

culture content Anti-bacterial 

(days) (%) titre pH 

9 1-85 15,000 = 

ll 1-11 40,000 — 
14 0-63 70,000 + 
ll — > 20,000 3-5 
16 a > 20,000 3-5 
22 —_ > 20,000 >s 
30 — < 1,000 >8s 
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Growth becomes visible in the first 2-3 days, when 
the pH falls to about 3-5 where it remains throughout 
the normal incubation period of about 14 days. 
During this period the anti-bacterial titre of the 
culture solution rises steadily as the glucose content 
falls; beyond this time the yield of notatin decreases 
and the pH value tends to become alkaline, penicillin 
rather than notatin being produced (Table 1). 


Observations on medium and strains employed 


Medium. As the inoculated medium B became 
acid after a few days’ incubation it seemed that there 
was no point in starting at a pH as high as 7-8. Trials 
with the unadjusted medium at an initial pH of 
about 6-0 and inoculated with the same spore sus- 
pension as controls on the standard medium B 
showed, however, that there was a definite alkaline 
swing after a short acid phase and penicillin was 
produced, with only traces of notatin. In this way 
it was found possible to produce at will penicillin or 
notatin from the same inoculum by merely changing 
the pH before sterilization (Table 2). 


Table 2. 
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Thus the condition of the glucose has no effect on 
notatin production; further, the amount of heating 
is not the determining factor, since batches of 
medium at pH 7-8, (a) steamed at 100° for 30 min., 
(b) steamed three times on successive days, (c) auto- 
claved once at 10 1b. for 30 min., (d) autoclaved 
twice, (e) filtered sterile through a Seitz filter, all 
gave similar results in notatin production. 

No satisfactory substitute was found for glucose 
in the medium; mannose, malt extract, lactose, 
levulose and brown sugar did not yield a trace of 
notatin. Notatin up to a titre of 100 or less was 
obtained from sodium glutamate (0-2%), sodium 
maleate (0-2%), but not from sodium tartrate, 
fumarate, gluconate, or malate. A normal growth 
of mould was obtained and penicillin was also pro- 
duced from all these substrates. The variations 
described above were not observed in medium A. 

Necessity for acid swing of medium, for production 
of notatin. Notatin is normally produced during the 
acid phase of the culture when the pH is between 
3-5 and 4-0, usually between the seventh and four- 
teenth day of incubation. On nine occasions in 





Production of notatin or penicillin as influenced by initial pH 





Cultures in medium B (autoclaved) 


Notatin production 


Culture pH Titre 
Y ~Q9 99 {5-9 7 . 
G 592 22/4 17-3 7 20,000 
Y Os Rx {6-0 11 ° 
G 592 6/5 \7-8 ll 20,000 


Further investigation showed that, in order to get 
satisfactory and consistent yields of notatin in 
medium B, the medium should be made up adding 
the glucose first and the trace metals last, after the 
phosphate, the order of addition being: glucose, 
NaNO,, KCl, Na citrate; Na acetate, KH,PQ,, 
MgSO,, CuSO,, FeSO,. Other orders of make-up 
produced satisfactory quantities of penicillin but 
did not produce notatin at pH 7-8 or 6-5. 

It was considered that the marked decomposition 
which the glucose undergoes when autoclaved at 
the higher pH was probably sufficient to account for 
the great difference between the acid and alkaline 
media. Thus in one experiment the glucose before 
sterilization was 4-03 %—after sterilization at pH 7-8 
the determined value was 3-96 by Cu reduction and 
2-68 by rotation, whereas with an initial pH of 5-83 
the values after sterilization were 4:17 and 4:05% 
respectively. However, when glucose, sterilized by 
filtration, was added to the salt solutions, made up 
to pH 7-8 and 6-5 respectively, the previous results 
were duplicated. 








Titre 
— 20 1000 7-67 
3°88 — a -= 
— 14 1000 6-86 
4-12 —_ — _- 





192 batches on medium B, notatin was being pro- 
duced at quite alkaline pH values and sometimes 
at the same time as penicillin. Notatin was never 
obtained, however, unless there had been a marked 
acid phase, although production might not start 
until this phase was over. Substances that tended 
to suppress the acid swing prevented the formation 
of more than traces of notatin; this effect was seen 
if the content of sodium acetate or sodium citrate 
was increased above 1 g./l. 

Influence of copper, iron and zinc on the production 
of notatin. In order to examine the separate and 
combined effects of these trace metals on the pro- 
duction of notatin an experiment was carried out 
using the basal medium B to which known amounts 
of salts of the trace metals were added after steriliza- 
tion. The control medium contained 1-0 p.p.m. of 
Fe, 0-1—0-2 p.p.m. of Cu and no demonstrable zinc. 
This medium was divided into six portions after 
sterilization, and the following additions made: 
(a) nil; control, (b) 2 p.p.m. of Fe, (c) 4 p.p.m. of Cu, 
(d) 1 p.p.m. of Zn, (e) 4 p.p.m. of Cu and 2 p.p.m. 
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of Fe, (f) 4 p.p.m. of Cu, 2 p.p.m. of Fe and 1 p.p.m. 
of Zn. Growth of P. notatum was normal in all 
bottles but notatin was only produced in quantity 
in the control series and in those bottles to which 
Fe (6) and Cu and Fe (e) had been added; the bottles 
with Cu only (ec) produced a low notatin titre and 
no bottle with Zn added produced any notatin. The 
bottles with Zn also failed to show the usual acid 
swing, the lowest pH attained being 5-57 on the 
fourth day, whereas the others were normal in this 
respect. 


Comparison of strains ; production of penicillin 
after notatin 


Forty-six subcultures derived from various sources 
have been investigated for notatin production on 
medium B. Some of these no doubt represent dif- 
ferent strains of P. notatum but many were in fact 
the same strains which have been cultured in 
different laboratories for varying lengths of time. 
Of these 46 cultures, only five failed to produce 
notatin to a titre of at least 100 when the initial pH 
was 7-8; there were 13 failures at an initial pH of 6-0. 

With four exceptions, which may not have been 
incubated long enough, all the notatin-producing 
strains investigated eventually produced penicillin 
in bottles in which notatin had been produced, 
though this might take a considerable time. Certain 
bottles started at an alkaline pH produced demon- 
strable penicillin during the first 3 or 4 days, pro- 
vided the pH had not fallen too far; the production 
of notatin was not in any way affected by this and 
was no greater or no less than in bottles in which 
this had not occurred. There appears to be no direct 
correlation between notatin production and peni- 
cillin production and it is not necessary for the 
culture to produce notatin before penicillin or vice 
versa. 


Variation of culture in notatin-producing power 


Successive generations of a culture might vary in 
the type of anti-bacterial substance produced. Thus 
a culture derived from one supplied by Sir Alexander 
Fleming, grown in medium A at 26°, gave after 
6-7 days a culture filtrate of notatin activity 
> 20,000 for the first, 15,000 for the second, and 
< 1000 for the third generation, whereas the peni- 
cilln activity increased in the same sequence. 
Attempts to discover morphological or cultural 
characteristics which would permit the selection of 
the most suitable culture for our purpose were un- 
successful, although it-was observed that cultures 
producing penicillin tended to liquefy gelatin more 
rapidly. The mould in the notatin-producing cul- 
tures often failed to spore freely in liquid or on solid 
medium and might appear almost white to light 
grey-green. In liquid medium it often grew in a 
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half-submerged waterlogged state. Cultures grew 
well at temperatures between 10° and 30° but not 
at 37°. Variant colonies sometimes appeared, often 
characterized by non-production of notatin or peni- 
cillin. 

By careful maintenance of a notatin-producing 
strain in the same medium from generation to 
generation, with subculture at appropriate short 
intervals, the anti-bacterial titre of the culture 
filtrate was increased considerably, in some cases 
up to 70,000. The culture fluids varied from light 
brownish yellow to almost colourless but this did 
not appear to correlate with the activity. 


ISOLATION 


150 1. of culture filtrate, having an anti-bacterial titre of 
30,000-70,000, are concentrated to one-fifth of their original 
volume in vacuo, care being taken that the internal tem- 
perature does not rise above 25°. After concentration the 
activity sometimes rises and may increase by as much as 
400% (cf. glucose aerodehydrogenase, Franke & Deffner, 
1939). The reddish-brown concentrate (pH 3-1-3-5) is then 
mixed with twice its volume of acetone at 0° and allowed 
to stand at 0° overnight. The supernatant solution is de- 
canted from the precipitate, which is usually sticky. The 
precipitate is dissolved in 51. of water, and the notatin is 
precipitated by adding an equal volume of acetone with 
cooling by ice. The product is dissolved in 2-51. of water 
and precipitated with 2-51. of acetone in the same way. 
At this stage a solid can be obtained by triturating the 
sticky, or sometimes oily, precipitate with acetone and 
drying in a vacuum desiccator, yielding a product of activity 
40-150 x 10°. The recovery of anti-bacterial activity was 
30-50 %, calculated on the original culture filtrate. How- 
ever, the solid is not usually isolated at this stage, the crude 
precipitate being dissolved in 200 ml. of cold water and 
spun clear or almost clear in a Sharples centrifuge, giving 
an orange-red concentrate (pH c. 5) which is worked up by 
one of the following methods. 

(a) Precipitation with tannic acid. The concentrate is 
diluted with cold water to 700 ml. and the notatin pre- 
cipitated at 0° with a saturated aqueous solution of 8 g. 
of tannic acid (B.P.). After standing for $ hr. at 0°, the 
precipitate, which is usually purple in colour, is spun on a 
Sharples centrifuge. The notatin-tannate precipitate is de- 
composed by triturating with two or three 50 ml. portions 
of acetone and centrifuged. The crude notatin (still purple 
in colour) is then extracted successively at the centrifuge 
with 40, 35 and, if necessary, 20 ml. portions of water. 
The combined aqueous extracts are precipitated at 0° with 
an equal volume of acetone. The yellow precipitate is 
collected, triturated three times with acetone, and dried 
for a short time in air and then in vacuo at 5mm. over 
absorbent charcoal and calcium chloride. The solid is 
powdered and stored at 0° in sealed nitrogen-filled ampoules. 
Yield, 3-4 g. of activity, 3-4 x 10°; recovery 20-40 %, calcu- 
lated on the assay of the original culture filtrate. 

(b) Precipitation of notatin with Reinecke salt. 100 ml. 
of the above concentrate are mixed with a solution of 2 g. 
of Reinecke salt in 90 ml. of water. The solution is cooled 
in ice and acidified to pH 3-5-4 with n-acetic acid. The 
pinkish precipitate is collected at the centrifuge and the 
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red supernatant liquid decanted and rejected. The residual 
solid is suspended in 20-30 ml. of water and the turbid 
solution spun clear. Notatin is precipitated from the super- 
natant solution by adding 3 vol. of acetone at 0° and the 
resulting precipitate worked up as described above. The 
yield and the potency are the same as those obtained by 
the tannic acid process. 


Purification of notatin 

(a) By reprecipitation with acetone. Although notatin as 
prepared according to the above process was of high potency 
in some batches, further purification was necessary in 
others. Several batches of solid were combined and ex- 
tracted with water (10-20 ml./g.), and the brownish solution 
was precipitated with an equal volume of acetone. Re- 
covered activity, c. 90%. 

(b) By ammonium sulphate fractionation. A 2-5 % notatin 
solution in water or phosphate buffer (pH 7), prepared from 
a solid of titre 290 x 10°, was brought to half saturation with 
saturated ammonium sulphate solution, which removes a 
little inactive protein. Notatin was then precipitated by 
bringing the concentration of ammonium sulphate to within 
80-83 % of saturation. The canary yellow precipitate was 
dissolved in water, dialyzed for 56 hr. against distilled 
water in the refrigerator, and the notatin precipitated with 
acetone at 0°. The extinction ratio #280/H460 mp, which 
is a measure of the amount of protein impurity in a pre- 
paration of flavoprotein (Corran, Dewan, Gordon & Green, 
1939), was 8-6 and the activity of the solid 3-5 x 108. 


Remarks on the above processes. Purification of 
notatin by adsorption on C,, aluminium hydroxide 
(Willstatter & Kraut, 1923) or on tricalcium phos- 
phate gel, or adsorption of impurities (leaving 
notatin in solution), does not result in any con- 
siderable increase in the potency of notatin of good 
initial potency, nor does it remove catalase com- 
pletely. On the other hand, adsorption with either 
gel can be used with advantage for the isolation of 
notatin, in place of precipitation with tannic acid 
or Reinecke salt. Notatin is easily adsorbed on 
these gels at pH 3-3-5 and is eluted with a pH 6-7 
phosphate buffer or dilute ammonium sulphate 
solution. j 

Notatin forms a chromatogram on aluminium 
oxide (Savory & Moore Ltd.) which has previously 
been boiled twice for 3-5 hr. with hydrochloric acid 
(1 vol. cone. acid+1 vol. water). A solution of 
notatin in sodium phosphate—citric acid at pH 3 
(Mcllvaine’s buffer) when’ passed through the 
column gives a broad buff-coloured band, from 
which notatin can be eluted with phosphate buffer 
solution at pH 5. Starting with material having an 
activity of 250 x 10°, the recovered notatin had an 
activity of 350 x 10°; recovery 20-35%. 

Dialysis of the concentrate (against distilled 
water) before precipitation with tannic acid or 
Reinecke salt was not usually carried out because 
facilities for conducting the operation at 0° were 
not available and at room temperature the pros- 
thetic group tends to dialyze with consequent loss 
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of potency. On the other hand, dialysis at 0° for 
17 hr. and subsequent precipitation of the dialysate 
with tannic acid results in a purification of notatin, 
Thus, the activity of one preparation was raised 
from 290 x 10® to 400 x 10°; recovery 55%. 

The mother liquors from the first acetone precipi- 
tation yield a slightly coloured amorphous precipi- 
tate on standing, which, on reprecipitation from 
water by acetone, yields white crystals, having no 
anti-bacterial activity and probably consisting of a 
polysaccharide. There is no absorption of oxygen 
when an aqueous solution containing this sugar and 
notatin is shaken in an atmosphere of oxygen. 


PROPERTIES OF NOTATIN 
Physical and chemical 


Notatin having an activity of 300-400 x 10° is 
buff to yellow in colour. The solid is stable for at 
least 8 months and usually for 2 years when stored 
at 0° in ampoules filled with nitrogen or air. It is 
freely soluble in water, concentrated solutions which 
froth on shaking being brownish green, and dilute 
solutions yellowish green. Notatin will not pass 
through a nitro-cellulose membrane as used by 
Seibert (1934) for the purification of tuberculin, and 
concentration and purification of notatin solutions 
may be effected by ultra-filtration. 

Various samples of notatin gave the following 
figures on analysis, for which we are indebted to 
Dr Sidney Smith of the Wellcome Foundation: 
C, 50-0-52-5; H, 6-7-7-2; N, 11-8—-14-2; P, 0-17- 
0-58 %, the results being corrected for moisture and 
ash. Specimens containing less than 1-4% of ash 
have been obtained. Notatin usually contains cata- 
lase but catalase-free preparations are occasionally 
obtained (qualitative test) and it therefore appears 
unlikely that catalase forms a compound with 
notatin (cf. Gordon, Green & Subrahmanyan, 1940). 
Some attempts to remove catalase by simple frac- 
tionation with ammonium sulphate or by adsorption 
were not successful but the operations were not 
systematically repeated. Aqueous solutions of no- 
tatin have pH 6~7 and a single specimen examined 
had a small laevo rotation: [«]??’, — 4:8° (e=0-0123). 

The anti-bacterial activity is rapidly destroyed 
at pH less than 2 and above 8 or on heating to 60°. 
Addition of dilute acetic acid to notatin solution 
causes a greenish fluorescence. When sodium hydro- 
sulphite is added to an aqueous solution of notatin 
which has been made alkaline with sodium car- 
bonate, the colour is discharged but is completely 
restored by shaking in air. 

The absorption spectrum in aqueous solution 
exhibits maxima at 270/280, 375/380 and 450/460 my, 
which characterize it as a ‘yellow enzyme’. In 
contrast to the typical flavoproteins, which in the 
visible region have a main peak at 450/460mp, 
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notatin has its main peak in this region at 380my. 
In this respect it shows some resemblance to the 
liver aldehyde oxidase (Gordon e¢ al. 1940), the 
xanthine-aldehyde-dihydrocoenzyme I oxidase of 
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Fig. 1. 
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On the assumption that notatin has a molecular 


weight of 73,000, which is that of the majority of the 
flavoprotein enzymes, and contains one flavin unit 
per molecule, it can be calculated from the extinction 
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Fig. 1. Adsorption spectrum of notatin purified to the stage where E}‘'c, 450/460 mp =1-3 (see Table 3). 


lcm, 


Fig. 2. Adsorpiion spectrum, in the near ultra-violet and visible region, of notatin purified to the stage 
where Ej, 450/460 mp = 1-3 (see Table 3). 


The absorption spectra were measured by Dr Elvidge and Mr Voss. 


milk (Corran & Green, 1938), and a flavoprotein 
obtained from yeast (Green, Knox & Stumpf, 1941). 
The extinction coefficient of the absorption band at 
450/460myp runs parallel with the anti-bacterial 
activity (Table 3). 


Table 3. Relation between extinction coefficient 
and anti-bacterial titre of notatin 


Eien. 
Anti- 9 ————“——_, Ratio 
bacterial 450/460 375/380 270/280 E280: 
Sample titre mp my my £460 
A38 400 x 10° 1-61 1-98 14-4 8-9 
405-409 400 x 10° 1-45 1-84 15-6 10- 
A170 350 x 10° 1-30 1-68 11-24 8-6 
162-167 350x106 1-30 1-60 19-0 14-6 
233-237 330 x 106 1-18 1-42 12-4 10-5 
Al4 320 x 10° 1-15 1-30 50-0 43-0 
168-72 310 x 10° 1-08 1-38 15-6 15-0 
A24 250 x 10° 1-05 1-35 22-0 21-0 
136-138 100 x 10° 1-00 1-20 16-0 16-0 
A6l 50 x 10° 0-93 1-35 17-0 18-2 


coefficient of the absorption band at 450/460m,z 
(Zi /,.= 1-54; this figure is based on the measure- 
ments of Warburg & Christian (1938), for riboflavin 
and alloxazine-adenine dinucleotide) that the purity 
of our best preparations is about 90% (H=1-45 
x 100/1-54). It is also assumed that no other 
coloured group, in addition to flavin, participates 
in the peak at 450/460myz. 


Stability and anti-bacterial activity 


Solid notatin possesses very high anti-bacterial 
activity when tested by in vitro methods. The purest 
samples usually have an activity of 400,000,000, 
several have given a titre of 1,000,000,000. Samples 
of the solid material have retained very high potency 
when kept in sealed containers for periods up to 
8 months, although after keeping for a few weeks it 
has not been found possible to demonstrate activity 
greater than 400,000,000. 
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Table 4. Effect of pH and dilution fluid on anti-bacterial activity of notatin 
Length of exposure at given pH 
—_e——— nnn OO OO OO 
0 hr. 4 hr. 24 hr. 
Dilution of notatin (in millions) Dilution of notatin (in millions) Dilution of notatin (in millions) 
= a ‘ c ny 
pH 10 20 50 100 200 500 1000 10 20 50 100 200 500 1000 10 20 50 100 200 500 1000 
ee ee Effect on growth of Staph. aureus 
2-0 = - = - = x x - ~ - - = ? x - ~ - ~ x x x 
2-5 : - - - - - ? x ~ ~ = = x x x 
3-3 - ~ - - - - Rowe ~ - - - si x x 
5-0 - - = - - x x ~ - _ - ~ x x - - ~ = x x x 
7-0 . = = - - - 4 x - - x x x 
7-5 ; i - ~ - ? > x x ~ ? x x x x 
8-0 ~ - - - x x x = ~ ? x x x x x x x x x % x 
In broth: 
2-1 x x x x x x x x x x x x x x x x x x x x x 
2-4 : 3 : ; ‘ ‘ : x x x - x x x x x x x x x 
2-6 : Ss é - ‘ _ : - x x x x x x x % ‘6 x x x 
3-0 - - - - x x = = - - - ? x - = - - - ? x 
5-0 ; : i < ‘ ‘ > - - - _ ~ x * ~ ~ - - - ? x 
6-9 . ; . . : : ° - - - - - x x - ~ - - = ? x 
7-5 : : ; . . ° ° - - - - - x x ~ - - - - x x 
8-0 oa = om am 6 ? x x = - =- - x x x = = - C x x x 
— =no growth. ? =slight growth. x =growth. 


Sample 162-7 was reported, on 12 June 1942, as having 
a titre of 10°; tests in July and at the beginning of August 
confirmed this potency, but later in August a series of 
figures of 400 x 108 or 300 x 106 was obtained. Sample A38 
gave in August an activity of 1000 x 106 and a similar value 
in September. Fourteen further tests carried out at intervals 
from 16 October to 18 March following gave in one test a 
value of 700 x 108, in the other 13, about 400 x 10°. 


Solutions of notatin (1 mg./ml. in chloroform- 
water) often do not exert maximum activity until 
they have been prepared for a few hours; they have 
been stored in the refrigerator for up to 40 days 
without change. 

Effect of pH. Solutions of notatin possess maxi- 
mum stability at pH values between about 3-5 and 
6-0. The stability is dependent on the nature of the 
solvent; in glucose broth, solutions are quite un- 
stable at pH 2-2-5, whereas in a phosphate-acetate- 
borate universal buffer they show little signs of 
inactivation. On the other hand, glucose-broth 
solutions are quite stable up to pH 7-5, whereas in 
some buffer solutions there may be a decrease in 
activity at pH 7-0. In several experiments, culture 
fluids allowed to become faintly alkaline have re- 
tained their activity for at least several days. The 
effect of pH on stability at normal room temperature 
is illustrated in Table 4. It has not been found 
possible to regenerate activity by simple readjust- 
ment of pH value. 

Action of enzymes. Pepsin (at pH 2-5) and trypsin 
(at pH 7-5), when in contact with notatin for periods 
up to 8 hr., do not appear to affect its activity. 

Assay of notatin. The standard method employed 
for the anti-bacterial assay of notatin depends on 


the determination of the inhibitive effect against 
Staph. aureus in glucose broth. Inhibition tests were 
carried out in tryptic digest broth or Hartley broth 
containing 0-5% of glucose. Seriaj dilutions of 
notatin were made in 10 ml. ‘client contained in 
5 or 6 in. x ? in. tubes, sown with a small number of 
test organisms from a 24 hr. culture, the result being 
read after 18 hr. incubation at 37°. The potency of 
a sample is assessed according to the dilution which 
will just prevent the growth of bacteria, growth 
being detected by production of turbidity in the 
medium. 

In some cases lethal tests were also carried out in 
various media in a similar way. Small volumes were 
plated at intervals and the number of viable or- 
ganisms counted. The two methods of assay gave 
comparable results (Table 5). 


Table 5. Comparison of visual growth test with bac- 
terial counts. Viable S. aureus after treatment with 
notatin in glucose broth 


Notatin dilutions (in millions) 





Time of 





ie ‘ 

exposure 100 200 300 500 700 
to notatin Relative numbers of organisms surviving 
(hr.) = — \ 

0 x x x s xr 

2 x x x x x 
6 75 100 ee ee eee 

18 0 0 2 o cs) 
N ae a) No Slight Growth Growth 

ua ” j growth growth growth 


x =200-300 organisms. 
x x, x x x x and o=progressively larger numbers. 
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These tests of lethal effect are of interest from 
another aspect ; they prove definitely that the anti- 
bacterial action of notatin is bactericidal rather 
than bacteriostatic. 

Glucose concentration in assay. In the absence of 
glucose pure notatin shows no activity against the 
test organism or only a very slight one, attributable 
to the small amounts of ‘glucose’ found in the 
normal digest broth, which may be as much as 
0-05 %. The apparent activity was found to increase 
with increasing amounts of added glucose up to a 
maximum of 0-5 %, beyond which no further change 
in activity was shown. The figure of 0-5 % glucose 
was for this reason adopted in the standard method 
of assay. Several other carbohydrates and poly- 
hydric alcohols have been tried in place of glucose 
in the test medium, namely sucrose, lactose, maltose, 
galactose, mannose, arabinose, mannitol and gly- 
cerol. None showed any capacity to replace glucose 
with the exception of maltose, which was about 
one-tenth as effective as glucose. 

Assay of notatin and penicillin occurring together. 
In some of the work described penicillin and notatin 
were separately assayed in solutions in which both 
were present. The solution was in this case extracted 
with ether, the ethereal extract being shaken with 
barium carbonate suspension. The ether-extracted 
aqueous solution and the barium carbonate extract 
were then tested separately, the anti-bacterial titre 
of the two solutions giving the notatin and penicillin 
content respectively. 

Activity of notatin against other organisms. Notatin 
inhibits growth of a number of bacteria including 
both Gram-positive and Gram-negative species. In 
Table 6 the figures give the highest dilution of 
notatin producing total inhibition of growth from 
a series of tests with each organism. At least two 
inoculating doses were used. With staphylococci the 
second dose was 100 times the first, with other 
organisms the second dose was 10 times the first; 
there was no difference in end-point between the 
two doses. All tests were carried out in Hartley 
glucose-broth incubated at 37° for 17—18 hr. 


Enzymic nature of notatin—identification 
as « glucose aerodehydrogenase 


Preliminary experiments on the effect of incu- 
bating notatin with glucose indicated that under 
aerobic conditions acid was produced (shown by 
titration and pH determination) and that the optical 
rotation of the solution sank to a low value, whereas 
anaerobically (in a closed polarimeter tube) the 
same solution showed no change in rotation after 
24 hr., and no production of acid. This suggested 
that notatin was an enzyme capable of catalyzing 
the oxidation of glucose by oxygen. 

In order to test this hypothesis quantitative ex- 
periments were performed at room temperature in 
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Table 6. Anti-bacterial action of notatin 
against various micro-organisms 


Highest 
Size of inoculum. dilution 
No. of organisms/ of notatin 
ml. of broth in giving 
tube under test complete 
——_—_— inhibition 
Organism (i) (ii) of growth 
Staph. aureus, 1 10 1000 108 
Staph. aureus, 2 10 1000 108 
Strep. haemolyticus, 1 5000 10° 
Strep. haemolyticus, 2 5000 10? 
Strep. pneumoniae 5000 108 
Esch. coli 1000 106 
Shigella paradysenteriae 400 108 
Flexner 
Shigella sonnei 
Ebert. typhosa, 1 
Ebert. typhosa, 2 
Ebert. typhosa, 3 
Ebert. typhosa, Vi, 4 
Ebert. typhosa, Vi, 5 
Ebert. typhosa, Vi, 6 
Bact. paratyphosum A 
Bact. paratyphosum B 
Bact. typhi murium 
Bact. enteritidis Gaertner 
Proteus vulgaris, 1 
Proteus vulgaris, 2 
Proteus vulgaris, 3 
V. comma (V. cholerae) 
B. anthracis 
Brucella abortus 
Klebsiella pneumoniae 
Salmonella cholerae suis 


800 10 
400 10? 
400 107 
400 10° 
400 10? 
400 10? 
400 107 

108 

10? 

10? 

107 

108 

10° 

108 

10° 

10? 
aa 10’ 
— 105-108 
— 104-10° 
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a catalytic hydrogenation apparatus with facilities 
for constant shaking, the usual hydrogen atmo- 
sphere being replaced by one of air or oxygen. With 
dilute solutions of glucose containing notatin it was 
found that 1 mol. of glucose rapidly takes up one 
atom of oxygen and produces one equivalent of acid. 
With more concentrated glucose solutions but with 
no increase in the amount of noiatin the oxygen 
uptake was greater than one atom but this extra 
oxygen was found to be present in the oxidized 
solution as hydrogen peroxide. 


Uptake of oxygen by notatin in presence of dilute glucose. 
The solution, containing 0-2 g. glucose and 0-02 g. notatin 
in 100 ml. of water, was shaken in presence of air in the 
catalytic hydrogenation apparatus at room temperature 
(19°) and the uptake of oxygen was measured. This was 
apparently complete in 166 min., the total uptake being 
12-7 ml. (corr. N.T.P.). The pH of the solution was now 3-5, 
and the power to reduce Benedict qualitative reagent was 
lost. Titration to permanent end-point (phenol phthalein) 
required 11-10 ml. of 0-1N-NaOH. The rotation of the 
solution in a 4 dm. tube (Hg green) was +0-09°. Oxidation 
of 1 mol. of glucose to 1 mol. of monobasic acid with uptake 
of 1 atom of oxygen requires: titratable acidity = 11-10 ml.; 
uptake of oxygen = 12-4 ml. The end-point is reached more 
quickly in presence of a buffer. When the above was re- 
peated in presence of 1% of sodium acetate the oxidation 
was complete in 45 min. Titratable acid 11-2 ml. (theoretical 
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11-1 ml.)—final pH 5-8. Oxygen uptake 12:4ml. (i.e. 
theoretical). Final rotation in 4dm. tube a54.,=0-13°. 
(No reduction of Benedict.) A repetition in presence of 
pure oxygen gave similar results. 

Uptake of oxygen with stronger glucose solutions. Produc- 
tion of H,O,. A solution of 5g. glucose, 0-02 g. notatin, 
5g. sodium acetate, in water to 100 ml., was shaken in 
oxygen at room temperature. 

The oxygen uptake in 125 min. was 449 ml. (at N.T.P.). 
Theoretical for glucose present =311 ml. Excess of actual 
over theoretical uptake =138 ml. The acid produced was 
27-4 ml. N by titration. Theoretical for 1 equivalent = 27-8 ml. 
The final pH was 4-8. 

A qualitative test with acid titanium sulphate indicated 
the presence of hydrogen peroxide. 5 ml. of the oxidized 
solution were treated with 5 ml. 2n-H,SO, and excess KI 
and the iodine was titrated after halfan hour. Used 12-15 ml. 
0-1 n-Na,SO,, or 24:3 ml. n for 100 ml., which is equivalent 
to 135 ml. of oxygen (cf. excess O, uptake of 138 ml.). 

Identification of gluconic acid. The acid formed from 
glucose by oxidation in presence of notatin was isolated as 
the Ca salt, which was shown to be Ca gluconate by calcium 
determination (Ca on sulphated ash), 9-36 %; (calcium glu- 
conate requires 9-30° ), and by preparation of the phenyl- 
hydrazide of the acid, m.p. 201—-202° (decomp.); no de- 
pression of m.p. when mixed with an authentic sample of 
gluconic acid phenylhydrazide also of m.p. 201-202° 
(decomp.). 

Glucose is therefore oxidized by gaseous oxygen in pre- 
sence of notatin in accordance with the equation 

C;H,,0;,.CHO + H,O +0, > C,;H,,0;.COOH + H,0,. 
The fact that no hydrogen peroxide was detected in oxida- 
tion of glucose at low concentration was no doubt due to 
the presence of catalase in the sample of notatin used: 
owing to the relatively high ratio of notatin to glucose 
in this case the amount of catalase present was sufficient 
to decompose the hydrogen peroxide completely. 


Estimation of oxygen coefficient of notatin. As it 
had now become evident that notatin was very 
similar to, although much more potent than, the 
glucose aerodehydrogenase examined by Franke & 
Deffner (1939), an attempt was made to determine 
the oxygen coefficient Q, (=l. O,/mg. enzyme 
x hours) on the ‘optimal substrate’ of Franke & 
Deffner. 

A solution consisting of 0-1 mg. of notatin in 1 ml. of 
water, 2 ml. of 0-2m-phosphate buffer (pH 6-0) and 2 ml. 
of 2m-glucose was shaken for 1 hr. at 15° in presence of 
oxygen. The corrected oxygen uptake was 5-84 ml., the 
H,O, corresponded with 1-75 ml. of 0-1N-thiosulphate 
(=0-98 ml. extra oxygen). Deducting this extra oxygen, 
Qo, = 48,600 at 15°, or applying a temperature coefficient 
calculated from the graph on p. 8 of the paper of Franke 
& Lorenz (1937), Qo, at 30° would be of the order of 120,000. 
The activity obtained by Franke & Lorenz for their most 
active preparation was 8000 units (at 30°); on the basis of 
the flavin content of their enzyme they calculate that the 
pure enzyme would have an activity of 240,000 units. 


Sugars other than glucose as substrates 


In order to determine whether other sugars could 
act as hydrogen donators in presence of notatin, 
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lg. of the sugar (used as purchased from The 
British Drug Houses Ltd.) and 20 mg. of notatin 
(activity 4 x 10%) were dissolved in 40 ml. of phos- 
phate buffer of pH 7-1. The solution was shaken in 
an atmosphere of oxygen at atmospheric pressure 
and temperature (c. 23°). In every case the activity 
of the notatin was confirmed after the test by addi- 
tion of glucose, when the oxygen uptake was always 
approximately theoretical. The results are shown 
in Table 7. 


Table 7. Replacement of glucose by other sugars 
in the enzymic reaction 


Vol. of O, 
Time at N.T.P. 
shaken in equiv. to 
oxygen Vol. of O, 1 atom/ 
with absorbed _ mol. of 
sugar at N.T.P. sugar 
Sugar (hr.) pH (ml.) (ml.) 
d-Glucose 1 6-8 58 62 
d-Xylose 12 6-6 72 75 
d-Mannose 3 6-8 32* 62 
Maltose 2 7-1 0 31 
l-Arabinose 3 7-1 0 75 
d-Galactose 4:5 7-1 0 62 


* Absorption ceased after 3 hr. 


Evidently d-xylose and d-mannose can act as 
hydrogen donators in the reaction catalyzed by 
notatin, whereas maltose, /-arabinose and d-galac- 
tose cannot act in this manner. Even with d-xylose 
and d-mannose, however, the rate of reaction is 
much slower and is in fact of quite a different order 
from that observed with d-glucose. 


Nature of prosthetic group in notatin. 
Resolution into flavin and protein 


LInminoflavin test (cf. Franke & Deffner, 1939). Notatin 
(50 mg.) dissolved in N-NaOH (50 ml.) was exposed to light 
from 100-watt lamp for 90 min. in a test-tube cooled with 
running water. The solution was acidified with 2 N-HCl and 
extracted with 10 ml. of CHCl,. The solution had strong 
greenish-yellow fluorescence, visible in daylight, stronger 
in ultra-violet, indicating the presence of flavin in notatin. 

Fission. Solutions of the non-protein part of the notatin 
molecule have been prepared by three methods. (1) By 
acidification to pH 1-8. (2) By treatment with trichloro- 
acetic acid as described by Haas (1938). (3) By heating 
an aqueous solution of notatin at 85-90° for 10 min. 

The solutions obtained by methods (1) and (2) were 
subjected to chromatographic analysis on a column of 
aluminium oxide prepared by digesting aluminium oxide 
(Savory & Moore Ltd.) twice with cold concentrated hydro- 
chloric acid for 5 min. and washing with water until the 
suspension remained just acid to Congo red. A canary- 
yellow ring was produced at the head of the column and on 
washing with n/30-HCl a second zone (purple) was de- 
veloped when the solution was prepared by method (2), 
but not in the case of solution prepared by method (1). 
The zones were eluted by phosphate buffer (pH 7), but the 


"purple zone afforded a solution showing weak general ab- 
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sorption, too weak for accurate measurement. The solution 
obtained from the yellow zone, however, showed strong 
absorption. In the case of the solution obtained by method 
(3) the absorption spectrum was measured without further 
purification. The molecular extinction coefficients shown in 
Table 8 are calculated on the assumption that the molecular 
extinction coefficient at 450 my is 1-13 x 10? em.? mol.-1. 


Table 8. Molecular extinction coefficients of solutions 
of the flavin moiety prepared by three methods 


Flavin- 
adenine 
Solu- Solu- Solu- Ribo- _dinucleo- 
mp tion 1 tion 2 tion 3 flavin tide* 
260 4-57 4-46 75 2-56 3-7 
375 1-21 0-96 1-35 0-98 0-89 
1-13 1-06 1-42 — — 
450 (1-13) (1-13) (1-13) (1-13) 1-13 


* Warburg & Christian (1938). 


The flavin moiety of notatin maintains the higher peak 
at 375 my in the visible range of the spectrum when sepa- 
rated from the protein by heating or by acidification to 
pH 1-8, indicating that this peak is not associated with 
another coloured group attached to the protein, as suggested 
by Green et al. (1941), in the three flavoproteins mentioned 
above. The height of the 375 my peak is probably a feature 
of notatin-flavin itself and on this assumption it may well 
be that the notatin prosthetic group is different from those 
hitherto described. On the other hand, the 375my peak 
becomes ‘normal’ when isolated by means of trichloroacetic 
acid and subsequent chromatographic adsorption in which 
a second zone (purple) is eliminated. 

Tn all three samples the extinction coefficient at 260myu 
is higher than the coefficients of the corresponding bands 
both in riboflavin and in the flavin adenine-dinucleotide of 
Warburg. The coenzyme of notatin is probably a poly- 
nucleotide and, in agreement with this, the silver salt is 
insoluble and the coenzyme can be regenerated from it. The 
explanation of the high extinction coefficient of the band 
at 260mp may be that a small quantity of protein is still 
present or, since absorption at 260my is associated with 
adenine, that the coenzyme contains more than 1 molecule 
of adenine. The first explanation agrees with the higher 
extinction coefficient at 260 my observed in the case of the 
solution prepared by method 3, which does not include 
purification by chromatography. It could readily be deter- 
mined whether notatin is of alloxazine-adenine-dinucleotide 
type by testing it for coenzyme activity in the d-amino-acid 
oxidase system. 


The protein obtained by decomposition of notatin 
by the three methods described above is denatured 
and is insoluble in water but soluble in dilute alkali. 
Prolonged dialysis of notatin solution against 
running tap water also removes the prosthetic group 
(compare Ball, 1939) and a buff protein can be iso- 
lated by means of tannic acid from the slightly 
coloured solution remaining in the dialyzing sack 
after 5 days. This protein possessed only one-fifth 
of the activity of notatin and prolonging the dialysis 
caused incipient denaturation. A white protein can, 
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however, be obtained from notatin by a modification 
of the technique of Warburg & Christian (1938; cf. 
Corran, Green & Straub, 1939). When an equal 
volume of saturated ammonium sulphate is added 
to notatin solution at pH 1-7, a white precipitate is 
obtained which is soluble in water and is almost 
devoid of anti-bacterial activity. This protein can 
be purified via the tannate but is very easily de- 
natured by precipitation with acetone and subse- 
quent drying. In aqueous solution this proteim 
shows a definite peak at 263my but only general 
absorption in the visible region of the spectrum. 
Many unsuccessful attempts have been made to re- 
constitute notatin from the protein (produced by 
dialysis or by means of acidification), using either 
the flavins obtained by methods 1, 2 or 3 or riboflavin 
itself. 


Mechanism of anti-bacterial action of notatin 


Notatin may possess anti-bacterial activity per se 
or it may exert such activity through the products 
formed by virtue of its enzymic action on glucose 
in presence of oxygen. There is a good deal of evi- 
dence for the latter view. As already stated, the 
anti-bacterial action is exerted only in the presence 
of glucose. It can also be shown that oxygen must 
also be present. This is not altogether easy since the 
reaction is very sensitive to oxygen, and is indeed 
far more delicate than any chemical test we were 
able to use. When, however, great care was taken 
to exclude all oxygen, then no appreciable activity 
could be demonstrated either by fall in pH, indi- 
cating production of gluconic acid, or by bactericidal 
action. McIntosh & Selbie (1943) have found that 
against the anaerobes Cl. welchit, Cl. oedematiens 
and Cl. septicum notatin is bacteriostatic in vitro at 
a dilution of 1/1,000,000,000. Since the test was of 
necessity carried out under anaerobic conditions it 
would seem that even the trace of oxygen obtaining 
access during the preparation of the serial dilution 
before evacuation was sufficient in this case to allow 
the notatin to exert its effect at the high dilution 
noted, suggesting that these anaerobes are even 
more sensitive to the anti-bacterial agent produced 
(hydrogen peroxide) than our test organism. 

It is quite clear from the results shown in Table 9 
that the anti-bacterial action of notatin is dependent 
on the presence of oxygen. 

Further confirmation of the necessity of oxygen 
for anti-bacterial activity of notatin was obtained 
in the experiment recorded in Table 10. All the 
aerobic tubes showed no growth under the test 
conditions, whereas there was good growth in all 
tubes of the anaerobic series. 

If the bactericidal action of notatin is bound up 
with its enzymic activity, this might be due to pro- 
duction of (a) an unfavourable pH due to gluconic 

3 
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Table 9. Effect of anaerobiosis on anti-bacterial 
action of notatin 


(A series of experiments was put up in Thunberg tubes 
(Keilin’s modification) in which the notatin solution (1 ml. 
0-02%) was placed in the hollow stopper and the glucose 
(1 ml. 0-2%) and the inoculum (1 ml. Staph. aureus dilu- 
tion in broth) in the tube, the reagents being mixed after 
evacuation. The solutions were made up in oxygen-free 
water under pure nitrogen and the Staphylococcus sus- 
pension was made up in freshly boiled and rapidly cooled 
broth. The original tubes had pH 7-0 and approximately 
400 staphylococci/ml. After 4 hr. incubation at room 
temperature the pH was determined and bacterial counts 
were made.) 

After 4 hr. 
re 
No. of 
viable 
organ- 
pH isms/ml. 


— 


Control—Tubes not evacuated: 


Notatin + glucose + Staph. aureus 4-1 1 
Notatin + glucose + Staph. aureus 4-6 0 


Tubes evacuated rapidly and thoroughly: 
Notatin + glucose + Staph. aureus 
Notatin + glucose + Staph. aureus 421 

—_ Glucose + Staph. aureus 400 

_— Glucose + Staph. aureus j- 428 

Notatin — +Staph. aureus 5 437 
Notatin — +Staph. aureus 


435 


Tubes evacuated slowly: 
Notatin + glucose + Staph. aureus 
Notatin + glucose + Staph. aureus 
Tubes evacuated slowly after a few min. 
standing on bench: 


Notatin + glucose + Staph. aureus 
Notatin + glucose + Staph. aureus 


124 
240 


Table 10. Effect of anaerobiosis on anti-bacterial 
action of notatin 


(Tubes containing glucose broth and graded dilutions of 
notatin were set up as for anti-bacterial assay. Anaerobic 
conditions were secured by boiling the broth for 1 hr. 
before use and by sealing with sterile paraffin after inocu- 
lation with Staph. aureus. A similar aerobic series served 
as controls.) 


Dilution of notatin 10? 102 10? 10% 10° 10° 10° 


Visual growth 
A. 


5 

Aerobic control = = = ms 

Anaerobic sealed after + + + 
inoculation 


acid, (6) gluconice acid, which may be toxic per se, 
or (c) hydrogen peroxide, or a combination of these 
factors. In an attempt to decide this question the 
toxicities of gluconic acid and hydrogen peroxide 
were separately investigated. 

Toxicity of gluconic acid. It is evident from 
Table 11 that gluconic acid concentrations up to 
0-25% and pH down to 5-8 do not inhibit the 
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Table 11. Effects of gluconic acid 


(To sterile tubes of glucose broth (4 ml.) were added 
sterile solutions of gluconic acid (1 ml.) to give the following 
percentages of gluconic acid in the medium: 2, 1, 0-5, 
0-25, 0-125. The tubes were then inoculated with Staph. 
aureus and incubated at 37° A similar series, uninocu- 
lated, served as controls. The tubes containing 2 and 1% 
of gluconic acid gave an immediate heavy ppt. (protein), 
the unsown tube containing 0-5% gave a ppt. after short 
incubation. The pH of the uninoculated tubes was deter- 
mined and the ppt. or turbidity in all tubes observed after 
24 hr. incubation.) 


Precipitate or turbidity 
eee 
Inoculated 
medium 
(ppt. due to 
acid and/or 
growth) 


Uninoculated 
medium 


Concentration 
of gluconic 
acid present (ppt. due to 

(%) acid) 
2-0 +++ + 
1-0 +++ +4 
5 +++ +4 
++ 
+++ 


pH (un- 
inoculated 
medium) 


organism. It seems that the production of gluconic 
acid or the lowering of pH produced by it cannot 
be responsible for the anti-bacterial action of 
notatin. 

Toxicity of hydrogen peroxide. Hydrogen peroxide 
is well known to have anti-bacterial properties but 
it became of interest to determine the minimum 
concentration which would inhibit the growth of 
the test organism (Table 12). 


Table 12. Inhibition of growth of Staph. aureus 
by hydrogen peroxide 


(Sterile broth tubes, containing known amounts of added 
H,0, in a descending series, were inoculated with Staph. 
aureus and incubated for 24 hr. at 37°.) 


H,0, concentration 
(%) Growth 
0-004 - 
0-002 = 
9-001 = 
v-0005 
0-00025 


++ 


Thus hydrogen peroxide at a concentration of 
0-001 %, or 1 in 10°, inhibits completely the growth 
of Staph. aureus in glucose broth. It seems probable 
that such a concentration could readily be produced 
in the medium by the limiting active dilution of 
notatin, namely 1 in 10°, particularly having regard 
to the possibility of adsorption of the enzyme on 
the surface of the bacteria with resultant local con- 
centration of hydrogen peroxide far in excess of the 
general concentration throughout the medium. More 
direct evidence as to the responsibility of hydrogen 
peroxide for the bactericidal effect of notatin is 
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provided by a study of the addition of catalase to 
the medium. 


Effect of catalase on the bactericidal activity of notatin. 
A series of tubes was set up containing 4-0 ml. of glucose- 
2%) broth, 0-5 ml. of a solution of notatin at the required 
dilution (except where ‘none added’) and 0-5 ml. of a 
phosphate buffered catalase solution (kindly supplied to us 
by Prof. Keilin) or of phosphate buffer pH 7. The additions 
of catalase or phosphate buffer were made before those of 
notatin. As there was no means of sterilizing the catalase 
solution, although we believed it to be sterile, a series of 
unsown tubes with glucose broth and catalase was in- 
cluded to exclude the possibility of adventitious organisms 
vitiating the test. The tubes were incubated for 24 hr. at 37° 
and then examined; the effects on growth are indicated in 


Table 13. Effect of catalase on anti-bacterial 
action of notatin 


Inoculated Uninocu- 


Concentration of }=.~————*~————_—__, lated 


notatin present + catalase +buffer +catalase 
None added +++ eoeoe = 
1/50,000 +++ = = 
1/100,000 4+ + aa ¥ 
1/200,000 +++ fe a 
1/400,000 +++ a a 
1/800,000 +++ = os 
1/1-6 million +++ - Ss 
1/3-2 million +++ LS = 


(The control: catalase +uninoculated buffer gave no 
growth.) 


Table 13. It is clear that in presence of catalase the anti- 
bacterial activity of notatin is destroyed, which is a strong 
indication that the activity is due to hydrogen peroxide 
formation. This was further supported by the experiment 
recorded in Table 14. 


Table 14. Hydrogen peroxide production 
in presence of notatin 


(Tubes from the above experiment containing glucose- 
broth + buffer + notatin (inoculated) and glucose-broth + 
catalase + notatin (uninoculated), all of which showed no 
growth, were examined for H,O,. 2-0 ml. from each tube 
were treated with 2 ml. of 2N-H,SO, and 0-25g. KI. After 
30 min. the solution was titrated with 0-01 N-thiosulphate.) 





H,0, found 
c <A ~~ 
Catalase 
added— Buffer added— 
uninocu- inoculated 


lated ce FT 


Notatin (ml. 0-O1N- ml. 0-01 N- 
concentration Na,S,0,) Na,S,0, % H,0, 
1/50,000 0-04 0-68 0-0116 
1/100,000 0-04 0-45 0-0080 
1/200,000 0-04 0-56 0-0095 
1/400,000 0-03 0-46 0-0078 
1/800,000 0-03 0-34 0-0058 
1/1-6 million 0-05 0-30 0-0052 
1/3-2 million 0-07 0-34 0-0058 
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In Table 14 the small titration figures for H,O, 
in the medium with catalase probably represent 
experimental error. It is evident that the hydrogen 
peroxide formed by notatin in absence of catalase 
in this test at all dilutions of notatin employed are 
well above the limiting dilution (0-001 %) for growth 
of Staph. aureus. 


Anti-bacterial product from Penicillium resticulosum. 
Identity with notatin 


Enzymic action. The crude anti-bacterial product 
isolated from P. resticulosum had characteristics 
resembling those of notatin, although, as found by 
Birkinshaw, Raistrick & Smith (1942), it had a much 
lower activity against Staph. aureus in glucose broth. 
In order to decide whether it had enzymic properties 
similar to notatin, a preparation of activity 40,000 
was shaken aerobically with glucose in the manner 
described for notatin. 

The ‘optimum substrate’ of Franke & Deffner 
(1939) was used; it contained 5-7 mg. of the active 
preparation in 1 ml. of water, 2 ml. of 0-2M-phos- 
phate buffer (pH 6-0) and 2 ml. of 2% glucose. The 
mixture was shaken for | hr. in presence of oxygen 
at 18°. The total oxygen uptake was 6-9 ml. (at 
N.1.P.). A hydrogen peroxide determination showed 
that 3-4 ml. of oxygen were used for production of 
hydrogen peroxide according to the equation 


H,O+0=H,0,. 
The amount of oxygen used for production of glu- 
conic acid according to the equation 


R.CHO+0 — R.COOH 


was therefore 3-5 ml. Thus the amount of hydrogen 
peroxide formed was 97 % of theoretical, a quanti- 
tative value within the limits of experimental error. 
The activity coefficient (Qo,), calculated according 
to Franke & Deffner (1939) and corrected to 30°, is 
therefore about 1000. This would represent a notatin 
content of less than 1 %. The product from P. resti- 
culosum has thus similar enzymic properties to 
notatin. Since it produces H,O, almost quantita- 
tively it is probably free from catalase. 

Purification by tannic acid. Since the activity of 
the active P. resticulosum product was of a much 
lower order than that of notatin an attempt was 
made to purify it by the tannic acid method. 

The culture filtrate from 50 flasks of P. resticu- 
losum (14 1.) was treated with 5-0 g. of tannic acid 
in 50ml. of water. After keeping in cold room 
overnight the precipitate was spun off. The dark 
solid was extracted and washed well with acetone 
and the residue was extracted twice with 25 ml. of 
water. The aqueous solution (50 ml.) was precipi- 
tated by 100ml. of acetone, the precipitate was 
spun off and dried in vacuo. The weight of the re- 
covered solid (25-5 mg.) was not sufficient to allow 

3-2 
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of further treatment. The anti-bacterial activity, 
however, even at this stage was between 1 and 
10 million, considerably better than the best pre- 
viously recorded activity of 160,000. It seems likely 
that further purification would yield a product 
having an activity of the same order as that of 
notatin. 
SUMMARY 


1. The production, isolation and properties of 
notatin, an anti-bacterial substance obtained from 
culture solutions of Penicillium notatum Westling, 
are described in detail. 

2. Notatin is an enzyme of flavoprotein nature, 
catalyzing the oxidation of glucose to gluconic acid 
by means of atmospheric oxygen with the produc- 
tion of hydrogen peroxide, according to the equa- 
tion: 

C,H,,0,.CHO +H,0 + 0,->C,H,,0,.COOH +H,0,. 
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3. Notatin has high anti-bacterial activity in 
vitro, the best preparations completely inhibiting 
the growth of Staphylococcus aureus at dilutions as 
great as 1 in 1,000,000,000. The anti-bacterial action 
of notatin is shown to be due to its power of pro- 
ducing hydrogen peroxide in presence of glucose 
and oxygen, the actual agent being hydrogen 
peroxide. 

4. Sugars other than glucose (e.g. d-xylose and 
d-mannose) can function in the enzymic reaction, 
but glucose shows a much higher activity. 

5. The anti-bacterial substance previously iso- 
lated in a crude form from Penicillium resticulosum 
nov.sp. is in all probability identical with notatin. 


This investigation has been carried out under the auspices 
of the Therapeutic Research Corporation, to which the 
Division of Biochemistry, London School of Hygiene and 
Tropical Medicine, is indebted for a grant. 
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by Human Tissues after Birth 
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Gale & Watchorn (unpublished results) found that 
conditions suitable for bacterial production of toxic 
amines may exist in the gut of the rat. Gale (1941) 
has shown that addition of tyramine to the diet 
produces a fatal diarrhoea in infant rats but that 
susceptibility to this amine disappears with age. 
Diets containing 2-5-20% free tyrosine are also 
toxic (Sullivan, Hess & Sebrell, 1932; Lillie, 1932; 
Martin, 1942) and it has been suggested (Martin, 
1942) that the toxicity may be due to tyramine 
formation in the kidney of the rat. The adult animal 
is protected against toxic amines by the action of 
amine oxidase and it is consequently important to 
ascertain if the tissues of the newborn animal, 
whether rat or man, are deficient in this protective 
mechanism. 

Ewins & Laidlaw (1910) found that tyramine is 
destroyed when it is perfused through pig’s liver, 
the final product of the breakdown being p-hydroxy- 
phenylacetic acid. Hare (1928) extracted an enzyme 
from liver and showed that in the presence of 
tyramine the O, uptake was increased, NH, and 
H,0, being formed during the reaction; she later 
confirmed (Bernheim, 1931) that p-hydroxyphenyl- 
acetic acid was the final reaction product. Pugh & 
Quastel (1937), Richter (1937) and Kohn (1937) 
have produced evidence that the first stage in the 
oxidation is deamination of the amine to p-hydroxy- 
phenylacetaldehyde and the name amine oxidase is 
now restricted to the enzyme responsible for this 
primary reaction. Blaschko, Richter & Schlossmann 
(1937) and Bhagvat, Blaschko & Richter (1939) 
have shown that amine oxidase is specific for mono- 
amines in general, although the rate of attack varies 
widely for the different substrates. Of the amines 
tested, tyramine, tsoamylamine and dihydroxy- 
phenylethylamine are the most rapidly attacked; 
in all cases, 1 atom of oxygen is taken up per mol. 
substrate with the liberation of 1 mol. each of NH, 
and the appropriate aldehyde. 

Amine oxidase is widely distributed in mammalian 
tissues and has been found in the liver, pancreas, 
heart, gut, spleen, thyroid, kidney, brain, testicle, 
uterus, adrenals, etc. of the cat, pig, sheep, ox, dog, 
rabbit, rat and guinea-pig; it is absent from the 
heart and brain of the ox and from the intestinal 
mucous membrane of the dog (Blaschko et al. 1937; 


Bhagvat et al. 1939; Holtz, Heise & Spreyer, 1938; 
Pugh & Quastel, 1937; Werle & Mennicken, 1938). 
In man tlie enzyme is recorded for brain (Birkhauser, 
1940), liver (Holtz et al. 1938) and kidney (Holtz 
et al. 1938; Zeller, Stern & Wenk, 1940; Blaschko, 
1942) and, by a study of the blood amine level after 
intravenous injection of isoamylamine, Richter, Lee 
& Hill (1941) find that adult man can deal ade- 
quately with amounts of this amine well beyond 
normal physiological occurrence. 

Birkhauser (1940) gives the brain amine oxidase 
activities of 4 ‘small children’ compared with those 
of 20 adults, the latter classified as being over or 
under 60 years of age: the activities of the thalamus, 
nucleus and cortex were less for the children than 
for the adult groups, which were not significantly 
different from one another. Zeller et al. (1940), in- 
vestigating kidney activities for adult and newborn 
man, found no variation in the medulla; the cortex 
of the infant was without amine oxidase activity 
while that of the adult was active; the number of 
observations made is not stated. Zeller, Birkhauser, 
Mislin & Wenk (1939) have also studied the variation 
with age of histaminase activity in man; they found 
that the kidney medulla activity did not vary, while 
the activity of kidney cortex, liver, brain and 
adrenals all increased with age; the activity of 
newborn cortex and brain was negligible. 

In the investigation reported below the tissues 
chosen were the liver, kidney (cortex and medulla) 
and mucosa from the duodenum, ileum and colon. 
An attempt has been made to determine whether 
there is a statistical difference between the activity 
of newborn and older tissues in man and, if there is 
such a difference, to find at what age activity is in 
general fully developed. The work was carried out 
on fresh post-mortem material at the Birmingham 
Children’s Hospital. 


METHODS 


Extraction of enzyme. Philpot (1937) alternately froze 
and thawed rabbit liver, ground it in ice-cold Ringer’s 
solution and strained the resulting mash through muslin; 
she found that the greater part of the amine oxidase activity 
lay in the sediment. Richter (1937) ground liver with sand 
and phosphate at pH 7-2, centrifuged the preparation and 
used the supernatant as a source of amine oxidase. 
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To find the best method of determining the total activity 
of a tissue, cat liver was ground in a mortar, suspended in 
m/15-phosphate pH 7-5 and part of the mash centrifuged; 
the sediment was suspended in its original volume of buffer, 
and the activity of supernatant, sediment and whole mash 
tested. Both supernatant and sediment contained amine 
oxidase activity (Table 1), the latter being the more active, 





Table 1. Distribution of amine oxidase 
in liver (dog) 


Activity 
Enzyme preparation (wl. O,/10 min.) 
Supernatant after centrifuging 13 
Sediment, resuspended 22 
Whole mash 33 


and later experiments were carried out with the whole 
mash after it had been rendered homogeneous by straining 
through muslin. In the estimation of kidney activities the 
cortex and medulla were separated by dissection and each 
then treated in the same way as the liver. In all experi- 
ments, measured portions of the preparations were dried 
to constant weight in a steam oven and activities expressed 
as Qo,=pl. O, taken up/hr./g. dry weight tissue, the O, 
uptake being calculated from the initial rate (see below). 
All the ‘Activity’ values quoted are corrected for any 
‘blank’ O, uptake. 

As a general rule, the whole duodenum was used as a 
source of enzyme and the portions of the ileum and colon 
taken were those adjacent to the appendix. Richter (1937) 
opened the gut, left it to stand in a disinfecting solution for 
10 min. and then ground it with sand. For this work, sand 
would have interfered with dry weight estimations, so the 
method of Zeller et al. (1939) was adopted, in which the 
mucous membrane is carefully scraped off and suspended 
in phosphate buffer. This treatment does not allow for 
enzymic activity in the gut wall but, if similar adjacent 
portions of the gut are treated in the two ways (Table 2), 
the greater part of the amine oxidase activity is found in 
the mucosa and the following results refer only to this 


Table 2. Disinfection and treatment of gut 


Activity 
(ul. O./ 
Source of gut Enzyme preparation 10 min.) 
Dog Whole gut (1-8 g.) 12 
Mucosa layer from 1-8 g. gut 19 
Muscle layer from 1-8 g. gut 8 
Qo, of 
: mucosa 
Man, case 42.70 Gut washed without anti- 2780 
septic; activity estimated in 
presence of semicarbazide 
Gut disinfected with hydroxy- 2870 
quinoline; activity estimated 
in presence of semicarbazide 
Man, case 42.29 Gut disinfected with hydroxy- 990 
quinoline; activity estimated 
in presence of semicarbazide 
Gut washed without anti- 970 


septic; activity estimated in 
presence of m/300 cyanide 
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mucosal activity. Asa means of sterilization, Richter (1937) 
washed gut preparationsin a 1 : 10,000solution of 8-hydroxy- 
quinoline, but experiments have shown that coliform organ- 
isms can still be isolated from gut treated in this way. 
m/300-cyanide inhibits the oxidation of tyramine by bacteria 
(Gale, 1942), whereas amine oxidase is not affected by this 
concentration of cyanide (Philpot, 1937; Pugh & Quastel, 
1937). Table 2 also shows gut activity (a) with and without 
treatment with 8-hydroxyquinoline and (b) with and 
without the treatment with m/300-cyanide; there is no 
significant difference between the pairs of values obtained. 
Moreover, Gale (1942) found that bacterial suspensions 
oxidize tyramine only after a lag period proportional to the 
concentration of the substrate; under our conditions this 
lag period would greatly exceed the duration of the experi- 
ment. Hence it was decided not to attempt sterilization of 
the gut, and the preparations were merely washed thoroughly 
before separation of the gut mucosa. 

Cadavers were brought to the mortuary within 3 hr. of 
death and kept in an ice-chest until autopsy; this was 
carried out each morning on children who died before 6 p.m. 
on the previous day. Tissues were taken at the time of 
autopsy and either used at once or, when several sets of 
material were available, the surplus was returned to the 
ice-chest until it was wanted. To discover the extent of 
deterioration between death and autopsy, it was possible 
on one occasion to obtain a piece of liver within 3 hr. of the 
child’s death and there was no significant difference between 
the activity of this piece and that of the rest of the liver, 
removed 21 hr. later. As a further check, the activity of 
the whole range of tissues was estimated directly after 
autopsy and again after being kept in the ice-chest for 
24 hr.; there was no significant difference between corre- 
sponding activities determined at the beginning and end 
of this period (Table 3). Full records have been kept of 


Table 3. Effect on amine oxidase activity 
of keeping human tissues in ice-chest 


Activity as Qo, 


At 24 hr. 

Case no. Tissue autopsy later 
42.23 Tleum 3500 4100 
Colon 3420 3030 

Liver 1210 1300 

Kidney medulla 1020 940 

42.69 Tleum 1310 1280 
Colon 1290 1140 

Kidney cortex 850 900 

Kidney medulla 665 715 


post-mortem findings but, except in two cases of nephritis 
for which activities are given later, there appears to be no 
correlation between the pathological condition of a tissue 
and its amine oxidase activity; uniformly low values were 
given by the tissues of two still-born children whose foetal 
hearts had last been heard 48 hr. and 7 days, respectively, 
before delivery. 

After the above preparations had been carried out, esti- 
mations were made in Barcroft manometers at 37°. One 
manometer was used for both blank and experiment and 
the capacities of each pair of cups differed by less than 1%. 
M/12 semicarbazide was present to trap the aldehyde pri- 
marily formed. Previous workers have used m/44 tyramine, 
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but Hare (1928) records that concentrations above m/100 
diminish the activity. With cat and dog liver m/300 was 
found to be the optimum concentration of substrate. 

Manometer cups were therefore prepared with 2-5 ml. of 
enzyme preparation in M/15 phosphate pH 7-5, 0-2 ml. m/2 
semicarbazide, 0-3 ml. m/30 tyramine solution in a Keilin 
‘dangler’ cup (water in blank), and 0-4 ml. 10% NaOH in 
the centre cup. After equilibration, the contents of the 
Keilin cup were mixed with the main reaction fluid and 
readings were taken every 5, 10 or 15 min. All Qo, values 
were calculated from the initial rate (first 10 min.) as the 
rate decreases with time. 


RESULTS 


The activities of tissues from 58 children not more 
than 8} years old were estimated ; 27 were less than 
3 months old and 53 less than 3 years. Since the 
activities for any one tissue show the expected wide 
degree of scatter, the cases were divided into age 
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the first 3 months of life than during the rest of the 
time covered by the experiment, and the mean 
activity steadily increases during those 3 months; 
(3) the mean activity of the duodenum is signifi- 
cantly less for children under 3 months than for 
older ones (the duodenum will be discussed more 
fully later since it is the only example in which the 
amine oxidase was absent in many cases); (4) the 
average activity of the liver during the first few 
weeks of life is less than it is afterwards; from the 
age of 1 month it remains substantially constant; 
(5) the mean activity of the colon is slightly less 
during the first 3 months than later, but no signi- 
ficant gradation can be calculated. 

Table 5 gives the steady mean activity reached 
by each tissue with its standard deviation and range. 
The scatter is obviously very high for all tissues, 
being greatest for the ileum and least for the kidney 


Table 4. Variation of mean amine oxidase activities of tissues with age group 


For each tissue, italicized figures are significantly lower than roman figures. 





Age group Stillborn 0-2 0-1 0-3 1-3 3-6 6-12 1-9 
weeks month months months months months years 
No. of cases ... 5 15 19 27 8 6 8 16 
Amine oxidase activity (Qo,) 

Tissue — pa 
Duodenum* 452 277 323 — 828 1279 1194 1011 
Tleum 1738 1624 1558 1731 — 1442 2505 2260 
Colon 1122 1184 1228 1170 -— 1598 1694 1430 
Kidney cortex 253 423 430 522 _— 879 911 957 
Kidney medulla 242 323 334 458 — 710 862 953 

2 weeks—1 month (4) 1-6 months (14) 
Liver 320 592 778 759 846 794 


* See text for analysis of figures for duodenum. 


groups and the mean activity within each group 
was calculated. A statistical determination was 
then made to discover in which age groups the mean 
activity was significantly below the steady mean 
value found to be reached by that tissue as its 
age increased: this is shown in Table 4, in which 
italicized figures are significantly lower than the 
others for the same tissue. From this table it appears 
that: (1) the mean activity of the ileum shows no 
significant variation with age; (2) the mean activity 
of the kidney cortex and medulla is lower during 


cortex. Table 6 shows that an abnormally high 
activity in one tissue is not necessarily accompanied 
by high activities in other tissues from the same 
individual, and vice versa: in fact, it often happens 
that high activities in one or two tissues are asso- 
ciated with low values in others from the same case. 
Table 7 shows the abnormally low activities found 
for two stillborn children in whom the foetal hearts 
had last been heard 7 days and 24 hr., respectively, 
before delivery; it also shows the results obtained 
from two children with acute nephritis. 


Table 5. Mean oxidase activities of tissues at full development 


Tissue Period 
Duodenum* 0-9 years 
Tleum 0-9 years 
Colon 3 months-9 years 
Liver 2 weeks-9 years 


3 months—9 years 
3 months-9 years 


* Zero activities have been omitted from this analysis. 


Kidney cortex 
Kidney medulla 


Amine oxidase activity (Qo,) 
A. 





oS y 
No. of Standard 
cases Mean deviation Range 
38 1151 471 255-2550 
56 1952 1017 380-5140 
29 1530 710 710-3390 
40 780 270 425-1670 
27 928 176 650-1380 
27 890 209 540-1300 
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Table 6. Distribution of activities (Qo,) in sample cases 


Italicized figures represent activities greater than (mean +standard deviation), 








those in brackets less than (mean — standard deviation). Kidney 
Duodenum Tleum Colon Liver Cortex Medulla 
Age Amine oxidase activity (Qo,) 

Case no. (months) c : ‘ 
42-14 8 970 2500 1730 1670 900 1120 
42.26 48 2550 1170 1060 670 1000 1040 
42.36 16 (0) 5140 3390 930 (670) 770 
42.53 22 (0) 1890 (710) 1280 1060 1300 
42.72 6 (230) 1050 1360 (485) 900 (600) 
42.84 7 1900 3100 2340 655 1380 985 

Less than 3 months 
42.29 1 month 1270 990 1340 620 565 (240) 
42.37 24 months 1520 2970 1180 1120 1100 1260 
42.49 8 days (0) (850) 920 325 620 740 
42.50 8 days 1300 1770 (0) 640 485 340 
Table 7. Pathological conditions associated with low activities 
Activities as Qo, ; italicized figures omitted from statistical analyses. Kidney 
Duodenum Tleum Colon Liver Cortex Medulla 
Amine oxidase activity (Qo,) 

Case no. Condition c . > 
$2 Macerated stillbirth 0 0 0 120 0 0 
L2 Macerated stillbirth 0 500 0 150 0 0 
42.79 Nephritis 1 year 680 2370 1570 500 310 210 
42.87 Nephritis 5 years 1970 2520 1480 600 220 150 


DISCUSSION 
Fig. 1 shows the scatter of activities with age for the 
kidney cortex. The correlation constant (r= + 0-64) 
for the regression line calculated for ages 0-3 months 
gives P<0-01. For older children there was no 


Qo, 





Age, months Years 


Fig. 1. Variation of amine oxidase activity of kidney cortex 
with age. (Age scale telescoped after 3 months and figures 
over 2 years omitted.) Equation for correlation line 
y=7-032 +377. N=25. r=+0-6440-116. P<0-01. 
Standard error=193. 3 months—9 years: mean activity 
=928. Standard deviation =176. 





significant increase in activity with age, and the 
line representing the mean value intersects the re- 
gression line sufficiently near to the 3-month 
abscissa to suggest that, for the kidney cortex, the 
amine oxidase activity does not increase after the 
third month of life. 


1400 





Qo, 


Years 


Age, months 


Fig. 2. Variation of amine oxidase activity of kidney 
medulla with age. (Age scale telescoped after 3 months 
and figures over 2 years omitted.) Equation for correla- 
tion line y=8-lx+272. N=25. r=+0-628+0-124 
P<0-01. Standard error=150. 3 months—9 years: mean 
activity =890. Standard deviation =209. 
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Fig. 2 shows the corresponding analysis for the 
kidney medulla; again, the mean activity is fully 
developed by the end of the third month. The slopes 
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Fig. 3. Variation in amine oxidase activity of duodenum 
with age. (Age scale telescoped after 3 months and figures 
after 2 years omitted.) Tissues with amine oxidase 
activity: birth-9 years: mean activity =1151. Standard 
deviation = 471. 


1800, ' 





0 1 2 Ste 
Age, months Years 

Fig. 4. Variation of amine oxidase activity of liver with 

age. (Age scale telescoped after 3 months and figures 

after 2 years omitted.) 0-2 weeks, VN =10, mean =592. 

2 weeks-9 years: mean=780. Standard deviation =270. 


of the regression lines calculated for the kidney 
cortex and medulla for the first 3 months are not 
significantly different. 

Fig. 3 contains values found for the duodenum; 
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this tissue is remarkable in that 10 of the 15 children 
under 1 month old showed no amine oxidase activity. 
While an analysis of the figures suggests that the 
mean value calculated for children up to 3 months 
is significantly less than the steady level reached 
above this age, the apparent difference can be shown 
to be due to the large number of zero activities 
recorded for the lower age group; where the tissue 
has amine oxidase activity, the mean value and 
degree of scatter appear to be constant over the 
whole range included in this survey. There would 
appear to be some factor other than age involved 
in the development of amine oxidase activity by 
the duodenum. 

Fig. 4 shows the activities obtained for the liver; 
the mean activity is doubled during the first fort- 
night of life but no satisfactory regression line can 
be drawn to cover the period of increase. Figures 
are not given for ileum and colon since, in spite of 
a wide degree of scatter, there appears to be no 
variation in mean activity with age for these tissues. 


SUMMARY 


1. Methods are described for the determination 
of the amine oxidase activity of human post-mortem 
material. 

2. Investigation of the variation of amine oxidase 
with age in human tissues shows that (a) all tissues 
exhibit a wide degree of scatter in activity at each 
age; (b) the mean activity of the mucosa of the 
ileum shows no variation with age; (c) the kidney 
cortex and medulla of the newborn child are de- 
ficient in amine oxidase, in comparison with adult 
tissue; the activity increases until the child is 
3 months old, when the mean activity appears to 
remain constant; (d) a large number of children 
less than 1 month old show no activity in the 
duodenal mucosa; in those in whom amine oxidase 
activity is found, the mean activity does not vary 
with age; and (e) although the mean activity of the 
colon is significantly less during the first 3 months 
of life than during the rest of the observed period, 
there does not appear to be a significant gradation 
of activity with age. 
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Gale (1941) has shown that strains of Cl. welchii, 
when grown under acid conditions or in the presence 
of fermentable carbohydrate, decarboxylate [(— )- 
histidine and 1( + )-glutamic acid to histamine and 
y-aminobutyric acid respectively. In this paper the 
extraction, purification and properties of 1(—)- 
histidine decarboxylase from a strain of this or- 
ganism are described. 


ORGANISM AND METHODS 


Organism and substrates used. The organism used as a 
source of I( —)-histidine decarboxylase was Cl. welchii 
(Type A) BW 21, National Collection of Type Cultures 
(N.C.T.C.) no. 6784. Histidine solutions were prepared 
from ([(—)-histidine monochloride monohydrate (The 
British Drug Houses Ltd.), except for the quantitative 
experiments, in which /- and dl-compounds as supplied by 
Roche Products Ltd. were used. 

Methods of estimating and expressing enzyme activity. As 
in the earlier papers of this series (Gale & Epps, 1944a; 
Epps, 1944) the activity of enzyme preparations was esti- 
mated in Warburg manometers. Unless otherwise stated, 
the reaction temperature was 30°, the gas phase air, the 
buffer 2 ml. m/5 acetate pH 4-5 and the substrate (in side- 
bulb) 0-5 ml. m/30 U( — )-histidine solution at pH 4-5. 

At 30° the reaction curve is not linear (see below), so the 
manometers were read 2 min. after the substrate had been 
tipped into the main reaction vessel and then at 5 min. 
intervals, the rate of CO, evolution being calculated from 
the first of these 5 min. periods (under the conditions 
adopted the temperature of the manometer flask had re- 
gained 30° within 2 min. of mixing). 

Enzyme units. The unit quantity of enzyme liberates 
100 pl. CO,/5 min.; rates of enzymic activity are expressed 
as Q&>, =yl. CO, evolved/mg. C/hr. C was estimated by 
the wet combustion micro-method of Van Slyke & Folch 
(1940). 
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1. PRELIMINARY WORK ON THE PURI- 
FICATION OF ENZYME PREPARATIONS 


Growth of cultures and preparation of acetone powders, 
For this preliminary work cultures were grown for 17 hr. 
at 37° in 2% glucose tryptic-casein broth to which a small 
amount of heart muscle had been added. Anaerobic con- 
ditions were ensured by addition after autoclaving of 1 drop 
thiolacetic acid/l. broth, thiolacetic acid in this concentra- 
tion having no harmful effect on growth or activity. After 
growth the bacteria were harvested, washed once, made 
into a thick suspension with distilled water and stirred into 
5 vol. ice-cold acetone. The precipitate was left to flocculate, 
then filtered off on a small Buchner funnel and washed 
successively with acetone, a mixture of acetone and ether 
in equal parts and, finally, with ether. The dry powder 
was active towards /( —)-histidine and also, to a lesser 
extent, towards I( +)-glutamic acid; by altering the con- 
ditions of growth and acetone treatment it was possible to 
reduce this residual glutamic acid decarboxylase activity 
to zero. 

Destruction of \( +)-glutamic acid decarboxylase activity 
during preparation of the acetone powder. The test conditions 
for activity towards glutamate were the same as for histi- 
dine, except for the substrate used. 

(1) Variation in growth time. Glutamic acid decarb- 
oxylase shows no variation with growth times from 12 to 
27 hr. at 37°; histidine decarboxylase is maximal when the 
culture is harvested between 15 and 21 hr. 

(2) Variation in growth temperature. Powders prepared 
from cultures grown for 17 hr. at 27 and 37° respectively 
have the same activity towards glutamic acid; the activity 
towards histidine is five times greater in the powder from 
the culture grown at the higher temperature. 

(3) Temperature of acetone treatment. The histidine de- 
carboxylase activity of the powder is the same whether the 
suspension is treated with acetone at room temperature or 
at 0°; the glutamic acid decarboxylase activity is halved 
by the use of acetone at room temperature. 
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(4) Conditions of acetone treatment. The histidine de- 
carboxylase activity is unaffected by variation in the 
volume of acetone used or in the time of contact with 
acetone; the activity towards glutamic acid can be halved 
by the use of less than 5 vol. acetone for precipitation and 
again by leaving the suspension in contact with the acetone 
for periods longer than 15 min. 

The conditions finally adopted made use of the relative 
instability of glutamic acid decarboxylase and were as 
follows: the culture was grown for 17 hr. at 37°; the bacteria 
were harvested, made into a thick suspension with water 
and stirred into 3 vol. acetone at room temperature. After 
30 min. the precipitate was filtered off and washed as before. 
Acetone powders thus prepared decarboxylate I( — )-histi- 
dine alone of the 16 naturally occurring amino-acids tested 
by Gale (1940) and when kept in a desiccator maintain 
their activity for several weeks. The amount of l(—-)- 
histidine decarboxylase present in the powder appears to 
be greater than that in the original washed suspension 
(Table 1); a similar apparent increase was observed in the 
I( —)-tyrosine decarboxylase content of acetone powders 
from Strep. faecalis (Epps, 1944). 

Preparation of cell-free extract. Acetone powders were 
incubated with buffers over the range pH 4-0-10-0, the 
suspension was centrifuged and the supernatant tested for 
I( — )-histidine decarboxylase activity. The enzx me is soluble 
over the range pH 5-0-10-0; optimum pH for extraction 
8-5. Extraction is more rapid at 37° than at 30°, and the 
percentage extraction is independent of the strength of the 
suspension between 10 and 50 mg./ml. The maximum 
activity of the supernatant fluid is reached after 4 hr. at 37° 
and pH 8-5; further incubation, up to 24 hr., causes no 
significant loss. 

Adsorption and elution. Previous work has shown that 
I +)-lysine decarboxylase from coliform organisms can be 
purified by acid-alcohol precipitation followed by adsorp- 
tion on to alumina C,, (Gale & Epps, 1944a), and I -)- 
tyrosine decarboxyiase from Strep. faecalis by adsorption 
on to Ca,(PO,). (Epps, 1944).-When the extract from Cl. 
welchit BW 21 is adjusted to pH 4-0-4-5, a precipitate is 
formed which contains all the /({ — )-histidine decarboxylase 
activity, but washing the precipitate with mildly alkaline 
buffers does not redissolve the active fraction. Addition of 
ethanol followed by adjustment of the pH to 5-0 results in 
total loss of activity. The enzyme can be adsorbed from the 
crude extract on to alumina C, or on to Ca;(PO,), over a 
pH range of 5-0-10-0; the pH-adsorption curve for alumina 
shows optima at pH 5-0 and 9-5, while the enzyme is 
adsorbed maximally on to Ca,(PO,), at pH 5-0. m/5 phos- 
phate pH 7-0 elutes the enzyme from alumina, and 50% 
saturated (NH,).SO, solution from either adsorbent. The 
greatest degree of purification was obtained when the 
extract was adjusted to pH 5-0 and the enzyme adsorbed 
on to alumina, followed by elution with 50% saturated 
(NH,).SO, solution. The enzyme is not adsorbed on to 
kaolin, Fuller’s earth or charcoal from mildly acid, neutral 
or mildly alkaline solutions. 

(NH,).SO, precipitation and fractionation. I( — )-Histidine 
decarboxylase is precipitated from solution when the 
(NH,).SO, concentration of the eluate described above is 
raised to 75% saturation, and the enzyme may be further 
purified by fractional precipitation with this salt (details are 
given in the next section). Fractionation further than that 
described does not lead to a significant increase in activity. 
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2. FINAL CONDITIONS FOR PURIFICATION 


Table 1 gives the volumes, enzyme content and 
activity at each stage during the following enzyme 
preparation. 

13 1. of 2 % glucose casein-digest broth containing 
heart muscle and thiolacetic acid (1 drop/l.) were 
inoculated from a 24 hr. meat-broth culture of Cl. 
welchit BW 21 and incubated at 37° for 17 hr. The 
culture was strained through glass-wool and passed 
through a Sharples super-centrifuge. The bacteria 
were washed, made into a thick suspension with 
distilled water (Stage 1, Table 1) and then stirred 
into 3 vol. acetone at room temperature. After 
30 min. the precipitate was filtered off on a small 
Buchner funnel and washed successively with ace- 
tone, a mixture of equal parts of acetone and ether 
and, finally, with ether. The powder was spread 
out to dry. 

The dry powder was suspended in m/20 borate 
pH 8-5 (40 mg. powder/ml.) and incubated over- 
night at 37°. The suspension (Stage 2) was centri- 
fuged at 3000 r.p.m. for 20 min. and the clear, yellow 
supernatant liquid collected (Stage 3). The pH was 
adjusted by addition of 2m-acetate pH 5-0 (1 ml. 
buffer to 5ml. extract) and neutral alumina C, 
suspension was added (8 mg. alumina for each ml. 
at Stage 3). After 10 min. the alumina was centri- 
fuged and washed once with distilled water. The 
enzyme was twice eluted with 50% saturated 
(NH,),SO, solution, each time with 1 ml. eluent/ 
48 mg. alumina, the suspension being kept for 
10 min. at room temperature before centrifuging. 
The eluates were combined (Stage 4). 

1-5 vol. saturated (NH,),SO, solution was added 
to the preparation ; after half an hour the suspension 
was centrifuged for 30 min. at 3000 r.p.m. The pre- 
cipitate was dissolved in distilled water (Stage 5) 
and sufficient saturated (NH,),SO, solution added 
to bring the final salt concentration successively to 
45, 50, 67 and 75% saturation; each precipitate 
was centrifuged in turn and dissolved in distilled 
water (Stages 6 a, b, c and d). 


Table 1. Purification of \( — )-histidine decarboxylase 


Activity C con- 
Vol. (ul. CO,/ Enzyme _ tent 
(ml.) ml./5min.) units (mg./ml.) QGo, 
114 255* 290 42-7 71 
300 198 595 16-4 145 
233 197 459 9-30 254 
75 434 325 8-90 577 
é 50 555 277 9-30 715 
6(a) 045% 20 420 S+ 20-8 243 
(b) 45-50% 10 320 32 4:16 925 
(c) 50-67% 10 1270 127 4-16 3670 
(d) 67-75% 5 205 10 0-740 3330 


* Activity measured at pH 2-5,.the optimum for the 
intact organism. 
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Maximum purification of the enzyme was ob- 
tained at Stages 6 c and d, which were slightly turbid 
and yellowish in colour; the degree of purification 
was c. 50 times. 


3. PROPERTIES OF 1(—)-HISTIDINE 
DECARBOXYLASE 


The source of enzyme for these studies was from 
Stages 6 ¢ and d of various preparations. 

Variation of activity with pH. Fig. 1 shows the 
effect of pH on the activity of enzyme preparations. 
The activity is the same in acetate or phthalate 
buffer systems, the optimum being at pH 4-5. At 
values acid to c. pH 4:8 precipitation occurs and 
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Fig. 1. Variation in activity with pH of I( —)-histidine 5-5 


decarboxylase. o—o Phthalate buffer. e—e Acetate 


buffer. 


the enzyme is associated with the acid-precipitated 
protein. Optimum ([(—)-histidine decarboxylase 
activity is shown by intact cells in buffer at pH 2-5 
(Gale, 1941); a similar apparent change in pH 
optimum on extraction of an enzyme from the 
bacterial cell has been recorded by Davies (1943) 
for acetoacetic acid decarboxylase from Cl. aceto- 
butylicum and by Gale & Epps (1944a) for 1(+)- 
lysine decarboxylase from £. colt. 

Effect of substrate concentration. Variation of 
activity with substrate concentration is shown in 
Fig. 2; the Michaelis constant for the reaction is 
0-0075M. 

Effect of temperature. Fig. 3 shows variation of 
activity with temperature. By following the CO, 
output it appears that the reaction is not linear at 
temperatures above 22°; Table 2 shows the per- 
centage decrease in activity at each temperature 
during the second 5 min. period of the experiment. 
As in the case of I(—)-tyrosine decarboxylase from 
Strep. faecalis (see Epps, 1944), temperature-sensi- 
tivity is conditioned by the presence of the substrate ; 
incubation of the acetone powder at 37° for 24 hr. 
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does not result in loss of activity nor does the 
presence of added histamine increase the extent of 
the inhibition. The rate of the reaction is not main- 
tained by addition of codecarboxylase or a boiled 
aqueous suspension of Cl. welchit BW 21. 
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Fig. 2. Variation in activity of l( —)-histidine decarb- 
oxylase with substrate concentration. 
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Fig. 3. Variation of activity of l( —)-histidine 
decarboxylase with temperature. 


Table 2. Temperature sensitivity of 
enzyme preparation 


Temperature (°) 17 22 27~—s 3 38 44 
Decrease in rate 0 0 8 12-5 24-5 34 
during second 5 


min. period (%) 


Effect of enzyme concentration. The initial rate of 
the reaction bears a linear relation to the amount 
of enzyme preparation used over the range covered 
by these manometric tests (Fig. 4). 

Quantitative nature of the reaction and specificity 
of enzyme preparations. Table 3 shows the mean 
total CO, output in a number of experiments with 
0-5 ml. m/30 solution of /- and dl-histidine as sub- 
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strates. The figures show that the enzyme is specific 
for the naturally occurring stereoisomer and the 
reaction quantitative. 
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Fig. 4. Variation of activity with l( —)-histidine 

decarboxylase concentration. 


Table 3. Stereospecificity of enzyme and 
quantitative nature of reaction 


Figures refer to total CO, output in yl. from 0-5 ml. m/30 
solution of appropriate substrate after subtraction of 


blank; theory= 373 yl. CO,. 


No. of Standard 
obser- devia- 
Substrate vations Mean tion 
l( —)-Histidine 6 345 2 
dl-Histidine 8 173 4 


% of 
calcu- 
Range lated 


341-347 93 
167-180 46-5 


Enzyme preparations are inactive towards the 
other 15 naturally occurring amino-acids used by 
Gale (1940); thiol-histidine and carnosine (8-alanyl 
histidine) are not attacked, nor do they inhibit the 
reaction with /(—)-histidine. Geiger (1944), using a 
strain of HZ. coli that decarboxylates /( — )-histidine, 
has found that the acetyl and benzoyl derivatives 
are not attacked. It would appear that any possible 
substrate must contain at least the iminazole ring 
and free NH, group of histidine itself. 

Isolation of reaction products. A Krebs vessel con- 
taining 20ml. m/60 1(—)-histidine, 20 ml. m/20 
phthalate pH 4-5 and 5 ml. enzyme preparation 
was incubated at 30°; the course of the reaction was 
followed in a control manometric experiment. Wher 
gas evolution had ceased (c. 60 min.) the contents 
of the Krebs vessel were boiled, deproteinized with 
Fe,(SO,),, and histamine dipicrate was isolated as 
described by Gale (1941) and recrystallized from 
water. The product (109 mg.), m.p. 239° (corr.), gave 
on analysis (Weiler) C, 36-08; H, 2-68; N, 21:3%. 
C,,H,;N,0,, requires C, 35-97; H, 2-64; N, 22-2%. 
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Effect of inhibitors. Table 4 shows that m/100 
sulphanilamide caused 51% inhibition; this effect 
is specific for sulphanilamide from among this series 
of drugs, since no inhibition is observed with m/100 
sulphaguanidine or with saturated solutions of sul- 
phathiazole, sulphapyridine or sulphasuxidine. The 
Zn-protein carbonic anhydrase is also inhibited 
specifically by sulphanilamide but the degree of 
inhibition is some 1000-fold greater. Keilin & Mann 
(1940) found that carbonic anhydrase is inhibited 
by benzene sulphonamide and p-acetylaminoben- 
zene sulphonamide, while sulphanilic acid and p- 
aminobenzene sulphonacetamide are without effect. 
None of these compounds in m/100 concentration 
has any effect on 1(—)-histidine decarboxylase ac- 
tivity and it seems probable that the mechanism 
of inhibition of the two enzymes is different. The 
sulphanilamide inhibition of 1(—)-histidine decarb- 
oxylase is not reversed by addition to the enzyme 
preparation of p-aminobenzoic acid or of a boiled 
aqueous suspension of Cl. welchii BW 21. 


Table 4. Effect of inhibitors 
Inhibition 
iF (%) 
100 
13 


94 
58 
92 
61 
97 
15 
86 
25 
100 
5+ 
94 
15 
97 
15 
97 
20 
51 


Inhibitor 
AgNO, 


=) 


HgCl, 
CuSO, 
FeCl, 


Pb(CH,COO), 
Fe(NH,)2(SO,)2 
NH,OH 


KMn0, 
Chloramine T 
HCN 


Sulphanilamide 
p-Phenylenediamine 
N.H, 
Iodoacetate 
Na,S 
NaN, 
NaF 
Urea 
Urethane 
* —Jog,)[Z], where [J] is molar concentration of inhibitor. 
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The activity of /(+)-lysine decarboxylase is in- 
hibited by the presence of certain salts (Gale & 
Epps, 1944a) but (NH,).SO, solution, up to 33% 
saturation, has no effect on /(—)-histidine decarb- 
oxylase activity. 
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Resolution of the enzyme. It has previously been 
shown that /(+)-lysine decarboxylase from coli- 
form organisms and /(—)-tyrosine decarboxylase 
from Strep. faecalis contain the same coenzyme, 
codecarboxylase, whose isolation from yeast has 
been described (Gale & Epps, 1944a,6; Epps, 
1944). Dissociation of 1(+)-lysine decarboxylase 
can be induced by precipitation of the protein with 
66% saturated (NH,),SO, solution containing 
10% NH,OH and dissociation of /( —)-tyrosine 
decarboxylase by precipitation with ammoniacal 
(NH,),SO, solution, by dialysis against distilled 
water at 0° or by keeping the enzyme preparation 
in the ice-chest for several days. 

l(—)-Histidine decarboxylase preparations were 
subjected to the following treatments in attempts to 
dissociate the enzyme: (a) Protein was thrice pre- 
cipitated by addition of 3 vol. saturated (NH,),SO, 
solution containing 10% NH,OH. (6) Enzyme pre- 
parations were dialyzed at 0° for 24 hr. against dis- 
tilled water and against 45% saturated (NH,),SO, 
solution. (c) Enzyme preparations were kept in the 
ice-chest for periods up to 8 weeks. (d) Protein was 
precipitated at pH 3-0 with 40 % saturated (NH)SO, 
solution and washed with 75 % saturated (NH,).SO, 
solution. (e) The preparation was made m with 
respect to KCN, protein precipitated by addition of 
3 vol. saturated (NH,),SO, solution and the precipi- 
tate washed twice with 75% saturated (NH,).SO,. 
After treatments (a), (b) and (c) there was only small 


Davies, R. (1943). Biochem. J. 37, 230. 
Epps, H. M. R. (1944). Biochem. J. 38, 242. 

Gale, E. F. (1940). Biochem. J. 34, 392. 

Gale, E. F. (1941). Biochem. J. 35, 66. 

Gale, E. F. & Epps, H. M. R. (19444). Biochem. J. 38, 232. 
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Previous papers of this series have described specific 
enzyme preparations for the decarboxylation of 
l(+)-lysine (Gale & Epps, 1944), of 1(—)-tyrosine 
(Epps, 1944) and of 1(—)-histidine (Epps, 1945). 
The present communication shows the application 
of these and other preparations to the rapid analysis 
of protein hydrolysates for the amino-acids con- 


cerned. 


H. M. R. EPPS 
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loss of activity while after treatments (d) and (e) the 
preparations were almost inactive; in no case was 
activity increased by addition of codecarboxylase 
preparation or a boiled aqueous suspension of Cl, 
welchit BW 21. It has also been shown that activity 
can be restored to 1(—)-tyrosine decarboxylase 
apo-enzyme by addition of a boiled preparation of 
i(+)-lysine decarboxylase (Gale & Epps, 19440), 
whereas addition of boiled /(—)-histidine decarb- 
oxylase preparation (=13 units enzyme) has no 
such effect; the presence of codecarboxylase can, 
however, be shown in a suspension of Cl. welchii 
BW 21. These results suggest that codecarboxylase 
is not part of 1(—)-histidine decarboxylase from 
Cl. welchit Type A. 


SUMMARY 


1. The extraction, purification and properties of 
l(—)-histidine decarboxylase from a strain of Cl. 
welchit Type A are described. 

2. Acetone powders and enzyme preparations 
specifically attack 1(—)-histidine, which is decarb- 
oxylated quantitatively to histamine. 

3. It has not been possible to bring about dis- 
sociation of the enzyme, which would appear to be 
devoid of codecarboxylase. 
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METHODS 


Manometric arrangements. The method depends 
in every case upon the manometric measurement of 
the CO, liberated from the amino-acid by the 
specific decarboxylase at the optimum pH and 30°. 
Warburg manometers were used containing mea- 
sured portions of amino-acid solution or protein 
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hydrolysate together with appropriate amounts 
(1-5-2-0 ml.) of buffer in the main cup, and in the 
side-bulb 0-5 ml. enzyme preparation made up in 
the same buffer. The buffers used in the various 
estimations were M/5 phosphate pH 6-0 for lysine 
and ornithine, M/5 citrate pH 5-5 for tyrosine, and 
m/5 acetate pH 4-5 for glutamie acid and histidine 
&timations. CO, retention is very slight at pH 5-5 
or less and can be allowed for in a correction, but at 
pH 6-0 the CO, retained in solution may represent 
8-10 % of that liberated, and a calculated correction 
may not be accurate, particularly with protein 
hydrolysates where the final experimental pH may 
not be exactly that of the buffer used. Accordingly, 
it is advisable to use the ‘acid-tip’ manometric 
method (Woods & Clifton, 1937) to estimate total 
CO, liberated, when estimating lysine and ornithine. 
To ensure the complete liberation of retained CO, 
at the end of the experiment, 0-25 ml. 8n-H,SO, 
has been used in the second side-bulb for this pur- 
pose. It is imperative that for the accurate estima- 
tion of the experimental CO, liberation the acid-tip 
be carried out in control manometers on all reagents. 

Protein hydrolysates. With protein hydrolysates 
it is necessary to adjust the pH of the sample to the 
optimum pH of the enzyme to be used. It has been 
found satisfactory in practice if the hydrolysate is 
adjusted to approx. pH 5 before sampling: the use 
of strong buffers in the manometers then renders 
further adjustment unnecessary. The hydrolysate 


is made sufficiently concentrated for samples of . 


0-3—-1-0 ml. to liberate in each case 100-400 ul. CO,. 
Equilibration is carried out for at least 15 min. to 
ensure the removal of preformed CO, from the 
specimen; this precaution is highly necessary at 
pH 6-0. The preparations for the estimation of 
lysine, tyrosine and histidine usually have no blank 
gas-output but the suspensions of organisms used 
for the estimation of glutamic acid or ornithine 
have a small blank which must be measured and 
subtracted from the total. 

The protein hydrolysates were prepared, in the 
majority of cases, by the accurate weighing of 
approx. 1 g. pure protein of known moisture and 
ash content, followed by solution in HCl (36 g./ 
100 ml.), addition of water to make the final HCl 
concentration 20 g./100 ml., and then 24 hr. hydro- 
lysis under a reflux condenser. After hydrolysis the 
hydrolysates were evaporated to dryness in vacuo 
and most of the free HCl removed by dissolving five 
successive times in water followed by evaporation 
to dryness in vacuo. The dry material was then taken 
up in c. 15 ml. water, the pH adjusted to 5 using 
CO,-free NaOH, and the volume then made up to 
a convenient value, usually 25 ml. In the case of 
haemoglobin, the precipitated humin was centri- 
fuged down, washed five times with water at pH 5 
and the washings added to the main hydrolysate; 
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in all other cases the humin was left in suspension. 
I am indebted to Dr G. R. Tristram for total N 
determinations on such hydrolysates as were used 
for this work alone. The hydrolysis of tyrocidine, 
kindly provided by Dr R. L. M. Synge, was carried 
out in vacuo under the conditions recommended by 
Gordon, Martin & Synge (1943). In some cases 
estimations of lysine and histidine were made on a 
solution of the bases prepared by electrodialysis of 
the hydrolysate. Electrodialysis was carried out by 
Dr H. T. Macpherson of this department by a 
method to be published shortly. The enzymic CO, 
evolution is more rapid in solutions of these simple 
bases than in the complete hydrolysates. 


ENZYME PREPARATIONS 


1( + )-Lysine decarboxylase. The enzyme preparation 
used in this case corresponds to stage 5 of the pre- 
paration from Bact. cadaveris (National Collection 
of Type Cultures no. 6578) described by Gale & Epps 
(1944). The enzyme when freshly prepared some- 
times contains a trace of arginine decarboxylase 
activity but this is destroyed if the preparation is 
kept 2-3 days in the ice-chest; the lysine activity 
remains unimpaired for 3—4 weeks in the ice-chest. 
The preparation should always be tested for this 
point, and not used until 0-5 ml. gives no CO, output 
from arginine under the experimental conditions 
over a period of 20 min. A convenient strength for 
the preparation is 4-6 units of enzyme per ml., of 
which 0-5 ml. is used per test. The preparation is 
virtually specific for 1(+ )-lysine, but it is probable 
that hydroxylysine is slowly attacked. 
l(—)-Tyrosine decarboxylase. Many strains of 
streptococci produce tyrosine decarboxylase when 
grown in 2% glucose-casein-tryptic-digest (Gale, 
1940) and a preparation of the enzyme has been 
worked out by Epps (1944). The organism used 
for this work has been a group D Streptococcus 
National Collection of Type Cultures (N.C.T.C.) no. 
6782. The organism also contains arginine dihydro- 
lase (Hills, 1940), but the activity of this enzyme is 
destroyed by acetone-drying of thick suspensions, 
while the tyrosine activity is unimpaired. Of the 
common amino-acids only /(— )-tyrosine is decarb- 
oxylated by the acetone powder under the experi- 
mental conditions used (in acetate buffer at pH 5-5), 
although dihydroxyphenylalanine is also attacked. 
The powder retains its activity for some months in 
the dry state. For the estimation a suspension of 
50 mg. powder per ml. is made up in m/5 acetate 
buffer pH 5-5 and 0-5 ml. used per test. 
l(—)-Histidine decarboxylase. Many strains of 
Cl. welchii possess decarboxylases attacking histi- 
dine and glutamic acid (Gale, 1941) and a specific 
preparation of the histidine enzyme has been worked 
out by Epps (1945). The organism used in this 
work has been Cl. welchiti BW 21 (N.C.T.C. no. 6785) 
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dried in acetone and extracted as described by Epps 
(19446). The crude yellow extract can be used as a 
source of specific enzyme, a convenient amount 
being 0-5 ml. of an extract obtained from a sus- 
pension of 50 mg. dry organism per ml. It has been 
our custom to test freshly prepared extracts against 
glutamic acid but no activity has yet been found in 
any extract prepared exactly as described. 
° 1(+)-Glutamic acid decarboxylase. Although most 
strains of Cl. welchit possess the decarboxylases of 
histidine and glutamic acid (Gale, 1941), the strain 
S.R. 12 (N.C.T.C. no. 6784) is specifie for 1( + )-glu- 
tamic acid. Consequently a thick suspension of this 
organism grown for 12 hr. in 2% glucose casein- 
digest at 37° can be used for the estimation of 
1(+)-glutamic acid. The total crop from 800 ml. of 
medium should be made up into c. 25 ml. suspension 
in M/5 acetate pH 4-5 and 0-5 ml. used for test. As 
this preparation consists of intact organisms it was 
thought that fermentation reactions might invali- 
date the results, but if the organism is well washed 
before use neither the carbohydrate remaining in 
protein hydrolysates nor glucose is attacked under 
the experimental conditions used. Acetone drying 
of the cells results in the loss of 85-95% of the 
activity. The preparation is specific for the natural 
isomer, consequently results on protein hydrolysates 
tend to be low owing to racemization occurring with 
glutamic acid under the hydrolysis conditions used. 
Synthetic f£-hydroxy-glutamic acid was also at- 
tacked. 

1(+)-Ornithine decarboxylase. Washed suspen- 
sions of Cl. septicum decarboxylate 1( + )-ornithine 
alone of the common amino-acids (Gale, 1941), and 
can therefore be used for the estimation of this 
amino-acid in the absence of glucose. The carbo- 
hydrate of protein hydrolysates is not attacked. 
Drying the organisms in acetone results in the loss 
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of 80-100 % of the activity. For these tests the or- 
ganism used was Cl. septicum Pasteur III (N.C.T.C. 
no. 547) grown for 16 hr. in 2% glucose casein- 
tryptic digest: the crop from 800 ml. medium was 
made up to 25 ml. suspension, of which 0-5 ml. was 
used for test. The suspension steadily loses its ac- 
tivity on standing and should be used on the day 
of preparation. The most satisfactory results are 
obtained in M/5 phosphate at pH 6-0, but it is 
possible to estimate ornithine in the presence of 
glucose by using well-washed cells in citrate buffer 
at pH 5-5, when glucose is not fermented : the evolu- 
tion of CO, from ornithine is slower under these 
conditions than in phosphate at pH 6-0. 


RESULTS 


Table 1 gives the CO, evolution measured in the 
estimation of standard solutions of amino-acids by 
the above enzyme preparations under the conditions 
described. In most cases, the evolution with and 
without the use of the acid-tip measurement of re- 
tained CO, is given. In the estimation of tyrosine, 
glutamic acid and histidine error introduced by a 
calculated correction of the retained CO, is no greater 
than that involved in the acid-tip technique. For 
estimations at pH 6-0 of lysine and ornithine it 
appears that CO, retention depends upon the 
amount of protein present (lysine decarboxylase, 
being a purified enzyme preparation, contains much 


. less protein than the thick suspension of organisms 


used for ornithine estimations) and it is sufficiently 
large to make calculated corrections unreliable; it 
is therefore advisable to estimate CO, retention 
manometrically in these cases. For each amino-acid 
the accuracy of the method has been tested over a 
substrate range of 75-5601. and, as would be ex- 
pected, the experimental error tends to increase 


Table 1. CO, evolved from amino-acid solutions in presence of specific decarboxylase preparations 


Lysine Ornithine Tyrosine Glutamic acid Histidine 
pH 6-0 pH 6-0 pH 5-5 pH 45 pH 45 
cS ON OF oF cc oO 
Amount of Evolved Total Evolved Total Evolved Total Evolved Total Evolved Total 
substrate (ul.) (ul.) (ul.) (ul.) (ul.) (ul.) (ul.) (ul.) (ul.) (ul.) 
373 pl. : 
Mean 344 366 327 367 359 369 366 — 359 364 
No. of observations 19 10 10 10 14 5 12 — 14 3 
Standard deviation 4-7 5-1 2-8 5 14 12 3-5 ~— 6-5 
Range 337-354 359-373 313-321 356-373 339-382 351-382 361-374 — 346-365 — 
92* 98* 87* 98* 96* 97* 98* — 96* 97* 


Mean (% of calc.) 


% of calculated 


Oe —a—_—e— iooo—l—w—hd9. 


560 pl. 90 99 83 98 95 98 97 —_ 95 _ 
373 pl. 92 98 87 98 96 99 98 _— 96 _ 
300 pl. 93 98 88 96 90 96 98 — 96 _ 
224 yl. 93 98 88 97 91 96 97 _— 96 _ 
150 pl. 91 96 88 96 98 104 96 — 92 — 

75 pl. 90 92 97 105 86 91 96 _ 101 _ 


* Values taken for calculations of the analyses in the following examples. ‘Total’ CO, is ‘evolved CO,’ + retained C0,. 
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with decreasing amount of substrate. For reason- 
able accuracy it is desirable that samples should be 
chosen which will evolve 100—400yl. CO,. The 
widest deviations from the mean in the series are 
found in the tyrosine values, as there is a consider- 
able sampling error involved in pipetting tyrosine 
suspensions. In protein hydrolysates, however, 
unless these are highly concentrated, the tyrosine 
is usually held in solution by the other amino-acids 
and the error is then no greater than that observed 
in the estimations of the other amino-acids. 
Tables 2-6 give results obtained by the applica- 
tion of these methods to analysis of protein hydro- 
lysates, with values recorded in the literature for 
comparison. In some cases analyses were carried 
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out in parallel with determinations by other methods 
by Prof. A. C. Chibnall and co-workers; these results 
are recorded in italics. In general there is good 
agreement with values obtained by other methods. 
It is improbable that an error of less than 3-5 % can 
be ascribed to any manometric method of this 
nature, but the advantage here lies first in the speed 
with which estimations can be carried out, and 
second in the fact that they can be performed on 
the crude hydrolysate without any treatment other 
than the adjustment of pH. In most cases CO, 
evolution is complete within 30 min. after tipping 
in the contents of the side-bulb and it is possible 
with ease to analyze six hydrolysates for one amino- 
acid per day. As a general rule each analysis was 


Table 2. Lysine content of proteins estimated by |( + )-lysine decarboxylase 


Experi- CO, 

Total Total mental _libe- 

vol. N sample rated 

Protein (ml.) (mg.)  (ml.) (ul.) 
50 296 0-75 42 
(10-7)t 42-5 

43 

0-75 70-5 

(10-4)t 73 

71 


0-5 76 
79 
77 


Synthetic mixture 


Cocksfoot grass 


Fibrin 2 . 298 
297 
299 


Horse haemoglobin 2 234 
232 


241 
224 
220 
220 


Globin (base solution) 226 
229 
230 


Gliadin } 30 
27 
33 


88 
83 
94 
91 


Edestan 


Edestin (base solution) 296 1-0 259 
base (4-1)f 261 
264 


77 1-0 191 
(20-1)T 198 
199 


Wool (base solution) 


Cor- N content (%) 
Mean rected Total -———*————, 
co, CO, _lysine-N 
(ul.) (ul./ml.) "(mg.) 


42-5 40-5 2-5 0-85 


Literature 
Litera- reference 
Found ture no.* 


(0-845) — 


71-5 9- 2-4 0-82 (0-845) 


* These numbers refer to those preceding the References at the end of this paper. 
+ Indicates solution reduced in volume: thus (10-7) =10 ml. reduced to 7 ml. 
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Experi- CO, 

Total Total mental _ libe- 

vol. N sample rated 

Protein (ml.) (mg.)  (ml.) (ul.) 
Synthetic mixture 50 296 0-75 95 
89 

88 

Cocksfoot grass 50 143 1-87 78 
77 

-79 

Fibrin 25 185 0-75 128 
131 

138 

50 1475 0-5 101 

(15-5)t 104 

104 

105 

Horse haemoglobin 50 182 0-75 176 
178 

175 

Haemoglobin 200 303 1-0 204 
(base solution) (2-1)T 196 
200 

Gliadin 25 157 0-75 81 
85 

89 

Edestan 25 198 0-75 115 
122 

118 

Edestin (base solution) 250 296 1-0 145 
base (9-1)T 145 

145 

Insulin 2-5 115 0-5 97 
100 

100 

99 

Ovalbumin 100 436 0-5 141 
(6-2)+ 141 

141 


E. F. GALE 


1945 


Table 3. Histidine content of proteins estimated by \( — )-histidine decarboxylase 


Cor- Total N content (%) 

Mean _—irected__—shiisti- ——————_*~————__,, Literature 
co, CO,  dine-N Litera- reference 
(wl)  (ul-/ml.) (mg.) Found ture no.* 

91 126 11-8 3-98 (3-96) _ 

78 43-5 4-08 2-86 2-3 (14) 
132 184 8-65 4-67 3°95 (3) 
103-5 72 6-75 4-57 3-95 (3) 
176 244 22:95 - 12:5 12-56 (15) 
200 1025 38-5 12-71 12-51 —_— 

85 117 5-53 3-53 3-30 (12 
118 139 6-51 3°35 -- _ 
145 67-2 31-1 3-66 4] — 

99 207 0-97 8-44 8-4 — 
141 98 18-4 4-23 4-2 -- 


* + See Table 2. 


carried out in triplicate and, in calculation, correc- 
tions are applied to the gas evolution in conformity 
with the figures determined and given in Table 1. 
In all cases the methods were tested in the first 
place on a synthetic mixture of amino-acids, re- 
sembling hydrolyzed insulin in constitution, which 
had been boiled with HCl under the usual conditions 
before analysis; results obtained with this mixture 
are placed at the head of the table for each amino- 
acid. The widest deviation from theoretical was 
obtained with glutamic acid and it is with this 
series of results in general that we find the widest 
deviations from values reported in the literature. 
This may be due in part to the racemization oc- 


curring with glutamic acid during hydrolysis. In 
the case of gliadin, Chibnall, Rees, Williams & 
Boyland (1940) have shown that 2-3% of the 
glutamic acid is present in the d(— )-form, which is 
not attacked by the enzyme. 

Contrary to the usual custom, tyrosine has been 
estimated on the acid hydrolysates, as we find that 
alkaline hydrolysis, although preventing the de- 
struction of tyrosine, results in a high degree of 
racemization ; thus an alkaline hydrolysate of insulin 
gave a tyrosine content of 8-3 % compared with the 
value of 10-5 % estimated on an acid hydrolysate 
and with 12:5% total tyrosine estimated by 
Harington & Neuberger (1936). 
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Table 4. Tyrosine content of proteins estimated by |( — )-tyrosine decarboxylase 


Experi- CO, Cor- Total N content (%) 

Total Total mental _ libe- Mean rected tyro- _——— —*+————, Literature 
re vol. N sample rated CO, CO, _ sine-N Litera- reference 
P Protein (ml.) (mg.)  (ml.) (yl.) (ul.) (ul./ml.) (mg.) Found ture no.* 

Synthetic mixture 50 296 0-3 180 179 610 19-25 6-5 (6-65) oe 
180 
177 
Cocksfoot grass 50 143 1-0 100 113 118 3-68 2-6 2-3 (11) 
124 
115 
Fibrin 25 185 0-75 226 222 308 4-84 2-61 2-56 (1) 
226 
215 
Horse haemoglobin 50 182 0-75 62 59 82 2-55 1-41 1-43 (7) 
58-5 
57 
Gliadin 25 157 0-75 110 115 160 2-50 1-59 1-33 (10) 
112 
124 
Edestan 25 198 0-75 160 159 221 3-45 1-78 1-85 (11) 
159 
157 
Tyrocidin 3-1 75 0-5 141 137 285 0-56 7-4 6-8 (8) 
133 
Insulin 200 561 0-5 109 113 235°5 29-5 5-05 6-05 (9) 
118 
112 
* See Table 2. 
Table 5. Glutamic acid content of proteins estimated by |( + )-glutamic acid decarboxylase 
Experi- CO, Cor- Total N content (%) 
Total Total mental _libe- Mean rected glu- -———_*—_—____, Literature 
vol. N sample rated co, co, tamic-N Litera- reference 
Protein (ml.) (mg.)  (ml.) (pl.) (ul.)  (ul./ml.) (mg.) Found ture no.* 
Synthetic mixture 50 296 0-5 508 505 1040 32-5 11-0 (11-85) — 
508 
498 
Cocksfoot grass 50 143 0-5 153 152 313 9-75 6-85 10-7 (5) 
154 
149 
Fibrin 25 185 0-4 379 370 944 14-75 7-98 8-25 (3) 
. 365 
& 366 
: Horse haemoglobin 50 182 0-75 186 190 257 8-05 4-42 3-76 (2) 
2 192 
191 
7 Gliadin 25 157 0-15 349 346 2350 36-7 23-4 25-3 (6) 
at 344 
Q- 340 
of Edestan 25 189 0-3 355 357 1215 18-98 10-06 10-44 (2) 
n 363 
1e 353 
ie Tyrocidin 3-1 75 0-5 135 133-5 273 0-53 7-06 7-2 (8) 
132 


* See Table 2. 
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Table 6. Ornithine content of proteins estimated by 1( + )-ornithine decarboxylase 
Experi- CO, Cor- Total N content (%) 
Total Total mental _libe- Mean rected orni- .———*————_ Literature 
vol. N sample _ rated co, CO, thine-N Litera- reference 
Protein (ml.) (mg.)  (ml.) (yl.) (ul)  (yl./ml.)  — (mg.) Found ture no.* 
Synthetic mixture 50 296 0-5 0 0 0 0 0 (0) — 
Insulin 200 561 0-5 0 0 0 0 0 0 — 
Haemoglobin 50 182 0-5 0 0 0 0 0 0 _— 
Tyrocidine 3-1 75 = 0-5 113 110 253 0-984 13-11 13-2 (8) 
107 
* See Table 2. 
are quoted to indicate the accuracy of the 
SUMMARY method. 


The manometric estimation of /( — )-histidine, 1( + )- 
lysine, 1( — )-tyrosine, 1( + )-glutamic acid, and 1( + )- 
ornithine in solution and in protein hydrolysates 
by the use of preparations of the specific amino- 
acid decarboxylases is described. Typical analyses 
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Studies on Bacterial Amino-acid Decarboxylases 
6. CODECARBOXYLASE CONTENT AND ACTION OF INHIBITORS 


By E. SHIRLEY TAYLOR anp E. F. GALE (Beit Memorial Research Fellow), Medical Research 
Council Unit of Chemical Microbiology, Biochemical Laboratory, Cambridge 


(Received 13 October 1944) 


Six amino-acid decarboxylases have as yet been 
found in bacteria: these enzymes are specific for the 
decarboxylation of l( + )-lysine, l( — )-tyrosine, l( — )- 
histidine, 1( + )-arginine, 1(+)-ornithine, and 1( + )- 
glutamic acid (Gale, 1940, 1941). Of the three of 
these enzymes which have been studied in a cell-free 
and partially purified condition, two, namely, the 


decarboxylases of 1(+)-lysine and /(—)-tyrosine, 
can be resolved into specific protein portions (apo- 
enzyme) and a common codecarboxylase (Gale & 
Epps, 1944a; Epps, 1944), while the third, 1(—)- 
histidine decarboxylase of Cl. welchii, cannot be 
resolved and apparently does not contain code- 
carboxylase (Epps, 1945). Consequently it is of 
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importance to determine if the remaining decarb- 
oxylases contain a codecarboxylase moiety and if it 
is possible to differentiate between the two types of 
enzyme by the action of inhibitors. 

In the work to be described, the course of the 
investigation of each enzyme was, first, to obtain an 
active cell-free preparation from a suitable source; 
second, to determine the pH of optimum activity; 


-third, to investigate the variation of velocity of 


reaction with substrate concentration so that sub- 
sequent experiments could be carried out with a 
saturation concentration of substrate; fourth, to 
attempt to resolve the enzyme and determine the 
nature of the coenzyme if resolution was successful, 
and finally, the optimum experimental conditions 
having been found, to investigate the action of 
various common inhibitors upon the activity. 


l(+)-ARGININE DECARBOXYLASE 


Source of enzyme. Gale & Epps (1944a) found that 
a strain of Esch. coli, National Collection of Type 
Cultures (N.C.T.C.), no. 86, possesses the decarb- 
oxylases of 1( + )-arginine, l( + )-lysine, 1( — )-histidine 
and /(+)-ornithine. Acetone treatment of thick 
washed suspensions of the organism destroys the 
ornithine enzyme without affecting the activity of 
the other three. The arginine decarboxylase can be 
extracted from the acetone powder under the same 
conditions as those described for lysine decarb- 
oxylase. Although it is comparatively simple to 
destroy the arginine enzyme and obtain a prepara- 
tion which specifically decarboxylates lysine, no 
procedure has yet been found whereby the arginine 
enzyme can be separated in an active state from the 
lysine one. 


Preparation of cell-free enzyme. Esch. coli is grown for 
24 hr. at 25° in casein-tryptic-digest containing glucose to 
a final concentration of 2%. The organism is centrifuged, 
washed once with water, made into a thick cream in water 
and treated with 5 vol. cold acetone. The coagulum is 
filtered on a Buchner funnel, washed once with acetone 
and once with ether; it is then allowed to dry in air, and is 
powdered. The dry powder is incubated at 37° in m/45 
borate buffer pH 8-5 (1 ml. to 20 mg. powder) for 2 hr. 
The suspension is then centrifuged and the opalescent 
supernatant used as enzyme preparation. 

Optimum pH. Fig. 1 shows the variation of velocity of 
decarboxylation with reaction pH. The optimum pH is 
approximately 5-25 and subsequent experiments were 
carried out in the presence of m/5 acetate buffer pH 5-25. 

Effect of substrate concentration. Fig. 2 shows the variation 
of velocity of decarboxylation with arginine concentration. 
The Michaelis constant is 0-00075m which agrees well with 
the value of 0-00056™ previously recorded for the activity 
in the intact organism (Gale, 1940). Subsequent experi- 
ments were carried out with an initial arginine concentra- 
tion of 0-011 M. 

Experimental conditions. Decarboxylation was followed 
in Warburg manometers contain ng 0-5 ml. enzyme pre- 
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paration, 1-5 ml. m/5 acetate buffer pH 5-25 and (in the 
side-bulb) 0-5 ml. m/15 arginine. Experiments were carried 
out at 30° and the CO, evolution studied for 10 min. after 
the addition of substrate following equilibration. 
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Fig. 1. Activity-pH curves for arginine, ornithine and 
glutamic acid decarboxylases. a—a Arginine. e—e Orni- 
thine. o—o Glutamic acid. Contents of cups: 0-5 ml. 
enzyme; 0-5 ml. substratr olution; 2-0 ml. buffer. Temp. 
30°. 
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Fig. 2. Effect of substrate concentration on arginine and 
ornithine decarboxylase activity. Contents of cups: 
0-5 ml. enzyme; 1-5 ml. m/5 buffer; (0-5 ml. codecarb- 
oxylase in case of ornithine); 0-5 ml. substrate. 


Resolution and recombination with codecarboxylase. 
1(+)-Lysine and /(—)-tyrosine decarboxylases can 
be reversibly resolved by treatment with alkali and 
the specific proteins precipitated by ammoniacal 
ammonium sulphate (Gale & Epps, 1944a; Epps, 
1944). The arginine decarboxylase preparation was 
therefore precipitated with 2 vol. saturated am- 
monium sulphate solution containing 2-5% by 
volume 0-880 ammonia, and the activity of the 
precipitate towards arginine tested with and without 
codecarboxylase. Codecarboxylase was prepared 
according to Gale & Epps (19446). The precipitation 
was repeated under the same conditions and also in 
the presence of higher ammonia concentrations. 
Table 1 shows that resolution does occur if the 
enzyme is precipitated by ammoniacal ammonium 
sulphate and that the activity of the apo-enzyme is 
restored by the presence of codecarboxylase. The 
decrease in enzyme units (1 unit being the amount 
of enzyme which will liberate 100y1. CO, from 
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Table 1. Reversible resolution of 1( + )-arginine decarboxylase 
CO, produced Increase 
Vol. of (uJ. CO,/5 min./ml.) due to 
prepara- —————_“———_, codeccarb- 
tion +codecarb- oxylase Total 
Preparation (ml.) Alone oxylase (% units 
1. Initial extract 24 1260 1260 0 302 
2. First precipitation with 2 vol. 2-5% ammoniacal (NH,),SO, 15 1250 — -- 188 
3. Second precipitation with 2 vol. 2-5% ammoniacal (NH,),SO, 14 1150 1275 11-1 179 
4. Third precipitation with 2 vol. 2-5% ammoniacal (NH,),SO, 10 1060 1275 20-3 127 
5. Precipitation with 2 vol. 33% ammoniacal (NH,).SO, 10 945 1225 29-6 122 
6. First precipitation with 2 vol> 10% ammoniacal (NH,),SO, 10 350 800 129 80 
7. Second precipitation with 2 vol. 10% ammoniacal (NH,),SO, 10 150 645 330 65 


arginine in 5 min. at pH 5-25 and 30°) measured in 
the presence of codecarboxylase shows that there 
is some destruction of enzyme during the precipi- 
tation. Two consecutive precipitations of the pre- 
paration with 2 vol. saturated ammonium sulphate 
containing 10% ammonia result in the preparation 
of a protein whose activity towards arginine is 
increased 330% by the addition of excess code- 
carboxylase. Fig. 3 shows the dependence on code- 
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pl. CO, liberated/5 min. 
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ml. coenzyme preparation added 


Fig. 3. Effect of coenzyme concentration on rate of 
decarboxylation of arginine and ornithine by their 
apo-enzymes. e—e Arginine. o—o Ornithine. Contents 
of cups: 0-25 ml. enzyme; 2-0 ml. m/5 acetate buffer; 
0-5 ml. substrate. Temp. 30°. (Volume of codecarb- 
oxylase required for half-saturation tyrosine apo-carb- 
oxylase =0-01 ml.) 


carboxylase concentration of the rate of arginine 
decarboxylation by such a preparation of apo- 
enzyme. The codecarboxylase solution used was 
tested against tyrosine apo-decarboxylase, in which 
case 0-01 ml. gave half-saturation of the apo-enzyme 
with coenzyme. 


l(+)-ORNITHINE DECARBOXYLASE 


Source of enzyme. I( +)-Ornithine decarboxylase 
is found in the potential enzyme constitution of 
many coliform organisms and of Cl. septicum, but 
whereas the former usually possess several decarb- 
oxylases, strains of the latter specifically decarb- 
oxylate 1(+)-ornithine (Gale, 1940, 1941, 1945). 


The organism used for these investigations was 
Cl. septicum Pasteur III, N.C.T.C. no. 547. 


Preparation of cell-free enzyme. Acetone-drying of the 
organisms destroys the ornithine enzyme in all cases tested, 
but it is possible to obtain a cell-free active extract by 
disintegrating thick suspensions of Cl. septicum by shaking 
with glass beads. 51. 2% glucose-casein-tryptic-digest are 
inoculated with a meat culture of Cl. septicum, a little 
sterile heart muscle and 1 drop of thiolacetic acid are added, 
and the culture is incubated for 16-18 hr. at 37°. The 
organisms are harvested on a Sharples super-centrifuge, 
washed once with water and made up into a thick cream in 
15-20 ml. distilled water. This cream is then shaken for 
2 hr. with glass ‘ ballotini’ in a shaker constructed from the 
description by Curran & Evans (1942). A rate of shaking 
of approximately 400/min. has been adopted and 2 hr. is 
then sufficient to disintegrate the cells to give an active 
extract. The extract is filtered from the beads on a sintered- 
glass filter, the beads are washed with about 10 ml. water 
and the combined filtrates then centrifuged at 3000 r.p.m. 
for 30 min. The supernatant liquid appears white by re- 
flected light but is clear yellow-brown by transmitted light 
and contains no intact cells. The enzyme is unstable and 
can be used during 2448 hr. after preparation only: it also 
undergoes spontaneous resolution and must be tested in the 
presence of added codecarboxylase. When freshly prepared, 
0-2 ml. of supernatant will liberate 200-3001. CO, from 
l( +-)-ornithine in 5 min. but the activity rapidly deteriorates 
and 0-5 ml. supernatant is required for experiments con- 
ducted with preparations older than 20 hr. 

Optimum pH. Fig. 1 shows the variation of velocity of 
decarboxylation with reaction pH; the optimum pH falls 
at 5-25, the same value as that obtained for the 1( +)- 
arginine decarboxylase. 

Effect of substrate concentration. The Michaelis constant, 
determined from Fig. 2 showing the variation of velocity 
of decarboxylation with ornithine concentration, is 0-004. 
The value determined for the activity of the intact organism 
is 0-0028m. Subsequent experiments were carried out in 
the presence of an initial concentration of 0-017m I +)- 
ornithine. 

Experimental conditions. Decarboxylation was followed 
in Warburg manometers containing 0-5 ml. enzyme pre- 
paration, 0-5 ml. codecarboxylase solution (excess), 1-5 ml. 
m/5 acetate buffer pH 5-25 and (in the side-bulb) 0-5 ml. 
m/10 1( +)-ornithine. Experimental temperature =30°. 


Reversible resolution. When the activity of the 
enzyme preparation alone is tested against 1(+)- 
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ornithine, it is found to fall off very rapidly. Since 
the tyrosine decarboxylase of Strep. faecalis under- 
goes spontaneous dissociation into apo-enzyme and 
codecarboxylase (Epps, 1944a), we tested the effect 
of the addition of either boiled yeast suspension or 
codecarboxylase preparation (Gale & Epps, 19446) 
to the ornithine decarboxylase preparation. We 
found that the activity can be restored to a large 
extent by either addition. After standing 24 hr. the 
ornithine decarboxylase has lost 75 % of its activity 
and the full activity can be restored by the addition 
of codecarboxylase: presumably the loss of activity 
is due to spontaneous resolution followed by de- 
struction of the codecarboxylase. Fig. 3 shows the 
dependence of the rate of decarboxylation upon the 
concentration of codecarboxylase present. In an 
attempt to complete the resolution and obtain a 
completely inactive apo-enzyme preparation, the 
enzyme was dialyzed against distilled water and also 
precipitated by ammoniacal ammonium sulphate 
as described for arginine decarboxylase; all such 
treatments irreversibly inactivated the ornithine 
enzyme. 


i(+)-GLUTAMIC ACID DECARBOXYLASE 


Source of enzyme. A strain of Cl. welchii, type A, 
S.R. 12, is specific for the decarboxylation of 1( + )- 
glutamic acid but acetone-drying of the organisms 
results in 80-90 % destruction of the enzyme (Gale, 
1945). Many coliform organisms possess a glutamic 
decarboxylase which is resistant to acetone-drying 
and can be extracted from dried cells in a manner 
similar to that employed for the extraction of the 
U(+)-lysine and 1(+)-arginine decarboxylases. To 
obtain such an organism, rat faeces were plated out 
and a selection of coliform organisms isolated in 
pure culture. They were grown in 2 % glucose-casein- 
tryptic digest for 24 hr. at 25° and tested for 
glutamic acid decarboxylase activity (Gale, 1940). 
The most active of the isolations was taken for the 
following investigations. 


Preparation of cell-free enzyme. The preparation was 
carried out exactly as described above for the preparation 
of 1( +)-arginine decarboxylase from Esch. coli. The cell- 
free extract contained decarboxylases of /( + )-glutamic acid, 
I(+)-arginine and 1( +)-lysine, but whereas the glutamic 
acid activity was stable for 14-20 days, the activities 
towards arginine and lysine disappeared within 7-8 days 
on standing in the ice-chest. For experiments on resolution, 
the glutamic acid enzyme was partially purified as follows: 
3% acetic acid was added to the supernatant preparation 
until the pH fell to 5-5, when one half-volume of alumina C,, 
suspension (16 mg./ml.) was added and the enzyme ad- 
sorbed. The enzyme was twice eluted from the alumina 
with a volume of m/5 phosphate pH 7-0 equal to the volume 
of alumina suspension taken for adsorption. The combined 
eluates were precipitated with ammonium sulphate 50 g./ 
100 ml. The precipitate was dissolved in water and the 
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calculated amount of saturated ammonium sulphate solu- 
tion added to bring the final salt concentration to 40% 
saturation. The precipitate was discarded and the am- 
monium sulphate concentration raised to 55% saturation. 
This precipitate contains approximately half the total 
amount of glutamic acid enzyme originally present, no 
arginine activity and a very small activity towards lysine; 
this last activity disappears on standing in the ice-chest 
for a few days, after which a repetition of the ammonium 
sulphate fractionation gives a specific enzyme in the 
40-55 % saturation fraction. For the experiments quoted 
below, other than those on resolution, the non-specific crude 
extract was used as enzyme source. 

Optimum pH. Fig. 1 shows that the pH of optimum 
activity lies at approximately 4-25. 

Effect of substrate concentration. Fig. 4 shows the varia- 
tion of velocity of decarboxylation of l( +)-glutamic acid 
with substrate concentration, with (a) the intact organism 
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Fig. 4. Effect of glutamic acid concentration on glutamic 
decarboxylase activity. e—e Washed suspension. 
o—o Cell-free enzyme. Contents of cups: 0-5 ml. enzyme; 
2-0 ml. m/5 acetate buffer pH 4-25; 0-5-ml. substrate 
solution. Temp. 30°. 


and (b) the cell-free extract as source of enzyme. The 
Michaelis constant, when the intact organism is used as 
enzyme source, is 0-005M, but the affinity of the cell-free 
extract is considerably less, the Michaelis constant being 
approximately 0-027M, though the fact that it is difficult 
to saturate the enzyme introduces doubt about the accuracy 
of this value. Subsequent experiments were carried out in 
the presence of an initial concentration of 0-17M-I( +)- 
glutamic acid. 

Experimental conditions. Decarboxylation was followed 
in Warburg manometers containing 0-5 ml. enzyme pre- 
paration, 1-5 ml. m/5 acetate buffer pH 4-25 and (in the 
side-bulb) 0-5 ml. m/2-l(+)-glutamic acid neutralized to 
pH 4-25. 

Attempts at resolution. In an attempt to resolve 
the enzyme into specific protein and coenzyme, the 
following procedures were carried out and the re- 
sulting preparations tested alone, in the presence 
of codecarboxylase, and in the presence of boiled 
yeast suspension: (1) Precipitation with 2 vol. am- 
monium sulphate solution containing 2-5, 3-3 and 
10% ammonia respectively: no resolution and no 
destruction. (2) Dialysis against distilled water for 
24 hr.: no resolution but 37% loss of activity. 





56 E. 8. TAYLOR AND E. F. GALE 


(3) Dialysis against 50 % saturated ammonium sul- 
phate solution containing 2% ammonia for 18 hr.: 
no resolution and no inactivation. (4) Precipitation 
with 2 vol. saturated ammonium sulphate solution 
at pH 3 and 1: no resolution; complete destruction 
at pH 1. The glutamic acid decarboxylase thus re- 
sembles the 1(—)-histidine decarboxylase of Cl. 
welchii in being resistant to resolution; in the latter 
case Epps (1945) was able to show the absence of 
codecarboxylase in the enzyme preparation, since 
the addition of the freshly boiled preparation to 
tyrosine apo-decarboxylase gave no increase in 
tyrosine decarboxylase activity. A similar experi- 
ment has been carried out with glutamic decarb- 
oxylase. Tyrosine apo-decarboxylase was prepared 
according to Epps (1944) and its activity towards 
tyrosine tested in the presence and absence of 
codecarboxylase. Two preparations of /( + )-glutamic 
acid decarboxylase were then boiled for 5 min. and 
the boiled materials added to the tyrosine apo- 
enzyme as sources of codecarboxylase. Table 2 


Table 2. Absence of codecarboxylase in 
1( + )-glutamic acid decarboxylase 


(Conditions as for other decarboxylases, concentration 
of tyrosine 0-005 mM, pH 5-5, temp. =30°.) 


CO, from 
Additions to tyrosine tyrosine 
apo-decarboxylase (ul./5 min.) 
None (control) 4 
Excess codecarboxylase 66 
Crude extract (=7 units glutamic acid 50 
decarboxylase) 

Purified glutamic acid decarboxylase 6 


preparation (=5 units) 


shows that the crude extract, containing the glu- 
tamic acid, arginine and lysine decarboxylases, 
gives a good codecarboxylase response but the 
partially purified specific 1(+)-glutamic acid de- 
carboxylase, prepared as described above, gives no 
significant response. From these results it is highly 
probable that 1(+)-glutamic acid decarboxylase, 
extracted from this organism, does not contain 
codecarboxylase as part of the enzyme molecule. 


ACTION OF INHIBITORS 


Cell-free preparations of all six known amino-acid 
decarboxylases are now available. Of the six 
enzymes, the decarboxylases of 1( + )-lysine, 1(+)- 
arginine, /(+)-ornithine and l(—)-tyrosine have 
been resolved into specific proteins and codecarb- 
oxylase as coenzyme; the decarboxylases of I(— )- 
histidine and /( + )-glutamic acid have not been re- 
solved and probably do not contain codecarboxylase 
as coenzyme. In the following section the action of 
various common inhibitors on the cell-free prepara- 
tions of the six enzymes, under conditions of optimal 
activity in each case, is described. In all cases the 
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action was followed in manometers at 30°, the sub- 
strate tipped in from the side-bulb after 15 min. 
equilibration, during which time the enzyme was 
incubated in the presence of buffer, inhibitor and, 
if necessary, codecarboxylase. Table 3 lists the 
percentage inhibition obtained in each case with 
concentrations of inhibitor between m/100 and 
m/100,000. 

Silver appears to be the inhibitor most generally 
active against the whole group of enzymes, but the 
tyrosine decarboxylase is not very sensitive to either 
silver or mercury. The group as a whole is not very 
sensitive to copper with the exception of the /(+)- 
ornithine decarboxylase, which is completely in- 
hibited by a concentration of 10-'m- and 27% 
inhibited by 10-®m-Cu: this may be correlated with 
the higher sensitivity of this enzyme to oxidation 
by permanganate. Iron has little effect on any of 
the enzymes, but the codecarboxylase proteins are 
markedly more sensitive to it than the others. All 
the decarboxylases are cyanide-sensitive, that of 
histidine the least so, but this is not correlated with 
an equal sensitivity to azide, which seriously poisons 
only the lysine enzyme, but slightly inhibits the 
arginine and ornithine enzymes also. It has been 
shown that the cyanide inhibition of the lysine 
enzyme is reversible (Gale & Epps, 1944a). Epps 
(1945) has shown that the 1(—)-histidine enzyme 
is 51 % inhibited by m/100 sulphanilamide ; the other 
enzymes of the group are not affected to the same 
extent, although a 33 % inhibition is obtained with 
the ornithine enzyme. 

Hydrazine is an inhibitor of all the enzymes except 
those of histidine and glutamic acid; a concentra- 
tion of m/1000 inhibits the first four enzymes in the 
table 91-100 % but has little or no effect on the 
other two at this concentration. Hydroxylamine is 
an inhibitor which is again more effective against 
the first four decarboxylases; 10-4m inhibits the 
histidine and glutamic enzymes 50% but the re- 
mainder 91-100%. Semicarbazide, 10-*m inhibits 
the lysine, ornithine and tyrosine enzymes 97- 
100%, arginine enzyme 78%, histidine enzyme 
52% and the glutamic acid enzyme 3%. There is 
some evidence then that these three inhibitors are 
more effective against the four enzymes which are 
known to require codecarboxylase as coenzyme than 
against the two enzymes in which the presence of 
codecarboxylase has not been demonstrated. Since 
these inhibitors are believed to act by combination 
with keto-groups, it may be that the activity of the 
codecarboxylase enzymes is dependent upon the 
presence of such a group in the enzyme molecule. 

Gale & Epps (1944a) found that lysine decarb- 
oxylase activity is inhibited by the presence of 
fairly high concentrations of salts such as am- 
monium sulphate, sodium sulphate, sodium chloride, 
etc. Epps (1944, 1945) did not find any such effect 
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Table 3. Action of inhibitors on cell-free amino-acid decarboxylases 








Decarboxylase substrate \ +)- u( +)- I +)- K—)- =} K +)- 
Lysine Arginine Ornithine Tyrosine Histidine Glutamic acid 
Codecarboxylase present in enzyme? + + + + = - 
— logo 
molar 
concen- Inhibition (%) 
Inhibitor tration — A . 
AgNO, 5 98 —- 98° -- 13 4 
4 100 35 100 _ 100 20 
3 100 100 100 39 100 81 
2 100 100 100 99 100 100 
HgCl, 5 98 14 — _ — ~- 
4 100 100 35 — 58 27 
3 100 100 100 — 94 100 
2 100 100 100 97 100 100 
CuSO, 5 — — 100 a — a 
+ 46 7 100 — —- 4 
3 89 51 100 98 61 10 
2 98 100 100 100 92 33 
FeSO, + 30 — 16 a= a 
3 82 23 32 26 0 0 
2 100 54 67 66 15 0 
KMn0O, 5 10 — 53 24 -= 6 
4 100 17 98 100 15 41 
3 100 100 100 100 94 100 
2 100 100 100 100 100 100 
KCN (neutral) 4 81 22 40 — — 93 
3 93 98 77 b4 20 100 
2 100 100 96 93 97 100 
NaN, 4 61 7 36 — —_ — 
3 98 21 51 _ = 10 
2 100 100 97 0 0 27 
Sulphanilamide 3 15 21 35 - 9 51 0 
NH,OH 5 95 91 50 43 ~- 7 
4 100 95 98 97 54 42 
3 100 100 100 100 100 96 
NH,.NH, 5 95 2 80 des ois 0 
4 100 71 92 30 0 9 
3 100 91 100 98 0 13 
2 100 100 100 100 10 43 
Semicarbazide 6 42 + — a 0 0 
5 76 45 774 90 33 0 
4 98 78 97 97 52 3 
3 100 94 100 100 7 6 
2 100 100 100 100 89 24 
(NH,),SO, 1 43 34 86 0 0 15 


for the decarboxylases of tyrosine or histidine. Of 
the remaining three enzymes, the ornithine decarb- 
oxylase is very sensitive to the presence of salt, 
M-(NH,),SO, producing 86% inhibition; arginine 
decarboxylase is affected to approximately the same 
extent as the lysine enzyme, while the glutamic 
acid decarboxylase is comparatively insensitive. It 
would seem that this salt effect is not due to resolu- 
tion of the protein-codecarboxylase system, for 
(a) it cannot be reversed to any extent by the 
addition of excess codecarboxylase, and (b) the 
magnitude of the salt sensitivity is not correlated 


with either the presence of codecarboxylase in the 
enzyme or the ease with which the enzymes con- 
taining codecarboxylase can be resolved. 


SUMMARY 


1. Methods for obtaining cell-free preparations 
of 1( + )-arginine, /( + )-ornithine, and /( + )-glutamic 
acid decarboxylases are described. 

2. 1(+)-Arginine decarboxylase has optimum ac- 
tivity at pH 5-25 and Michaelis constant 0-00075M; 
1(+)-ornithine decarboxylase, pH 5-25, 0-0039m; 
1l( + )-glutamic acid decarboxylase, pH 4-25, 0-027M. 
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3. l(+)-Arginine decarboxylase can be resolved 
into apo-enzyme and codecarboxylase by precipita- 
tion with ammoniacal ammonium sulphate solution. 
1(+)-Ornithine decarboxylase resolves spontan- 
eously on standing into apo-enzyme and codecarb- 
oxylase. It has not been possible to resolve l( + )- 
glutamic acid decarboxylase and there is no evidence 
that this enzyme contains codecarboxylase. 

4. The action of common enzyme inhibitors on 
six amino-acid decarboxylases in a cell-free state is 
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described. The four enzymes containing codecarb- 
oxylase are markedly more sensitive to inhibition 
by iron and hydrazine than the two in which it has 
not been possible to demonstrate the presence of 
codecarboxylase. 


The authors are indebted to the Medical Research Council 
for grants towards the cost of these investigations. They 
wish to thank Prof. A. C. Chibnall, Dr M. Stephenson and 
Dr M. Dixon for criticism, and Miss H. M. R. Epps for per- 
mission to quote certain results. 
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The Lead Content of Urinary and Biliary Calculi and Gall-bladder Bile 


By A. B. ANDERSON, Biochemistry Laboratory, Department of Pathology of the University 
and Royal Infirmary, Glasgow 


(Received 16 October 1944) 


The report by Trumper & Gordy (1941) of a renal 
calculus containing 3% of lead, and a subsequent 
paper by Wood (1941), who examined a number of 
urinary calculi, both recent and from a collection 
made in 1850-60, and found lead present spectro- 
scopically in all except two, suggested a further 
investigation of the lead content of urinary calculi. 
Two groups were examined, one of 17 stones re- 
moved at operation over the last few years, the 
other of 16 stones, a representative selection from 
a pre-1900 collection of bladder calculi in the 
museum of the Pathology Department, one of the 
seven dated stones belonging to 1830, the re- 
maining six to 1860-80. In view of the possible 
importance of the bile as a channel of lead excretion 
(Aub, Fairhall, Minot & Reznikoff, 1926), biliary 
calculi removed at operation or post mortem, and bile 
obtained from the gall-bladder post mortem, were 
also analyzed. 


¢X PERIMENTAL 


The stones were dried, powdered, and a portion taken for 
qualitative analysis. From 1 to 3g. of the remainder were 
analyzed for lead by the method previously described 
(Tompsett & Anderson, 1935), with the modification advised 
for materials containing considerable calcium phosphate 
(Tompsett, 1939). 

Lead was estimated in bile by the method described for 
blood (Tompsett & Anderson, 1935, 1939). 


The results of the analyses of urinary calculi are 
shown in Table 1, of gall-stones in Table 2, and of 
bile in Table 3. The stones in Table 1 are grouped 


by the results of qualitative analysis according to 
the scheme given by Harrison (1937). 


Table 1. Lead content of urinary calculi 


Lead content (mg./100 g.) of 
— OOOO 


Recent Old 
Type stones stones 
Renal calculi: 
Oxalate 7-5, 5-4, 3-7, — 
11, 10-5 
Oxalate and phosphate 7-6, 10-5, 9 _ 
Phosphate and carbonate 11, 29, 8-4 — 
Vesical calculi: 
Uric acid or urate 0-66, 0-33 1-6, trace, 0-44 
Phosphate 5-5 — 
Phosphate and urate 2-7 3-5, 3-6, 3-2 
Phosphate, urate and 1-3, 11 -- 
carbonate 
Phosphate and oxalate _ 7-7, 19, 9-65, 
5-2, 6-3, 2-7 
Phosphate, oxalate and — 10-8, 9-2, 10-6 
urate 
Urate and oxalate ~- 3-7 
Mean, excluding pure 8-9 7:3 


uric acid or urate stones 

Mean, all stones exclud- 
ing pure uric acid or 
urate stones 


8-2, standard deviation 5-15 


Table 2. Lead content of biliary calculi 
Lead content 


Type of calculus (mg./100 g.) 
Multiple faceted 0-61, 2-2, 0-45, 4 
Cholesterol-pigment 0-3, 11, 6-1 


‘Pure’ cholesterol 1-1 
‘Pure pigment’ 65, 13-5 
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Table 3. Lead content of gall-bladder bile 
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No. (years) Sex Occupation 
1 53 M. Hammerman 
2 63 M. a 
3 2 M. Child 
4 16 M. Pithead worker 
5 48 F. Housewife 
6 63 M Works foreman 
7 37 M. Driller 
8 16 M Shop assistant 
9 65 F. Housewife 
10 63 M Miner 
ll 73 M Retired 
12 13 M Schoolboy 
13 30 M Steel-worker 
14 54 F Housewife 
DISCUSSION 


It will be seen that appreciable amounts of lead 
were found in all the urinary calculi examined, with 
the exception of the pure uric acid or urate stones, 
which contained only very small amounts. This was 
not unexpected, as the conditions of formation of 
phosphatic calculi would appear to be suitable for 
the deposition of lead. Entrainment by the pre- 
cipitation of alkaline phosphates or calcium oxalate 
is one of the methods used for the separation of lead 
from urine. There are no striking differences in lead 
content between the recent calculi and those of the 
older group. It is of interest that the amounts of 
lead found in the urinary calculi (excluding the pure 
uric acid and urate stones) are of the same order as 
those found in bone. The 28 calculi with a range of 
lead concentration from 1-3 to 29 mg./100 g. (mean 
weight, 8-2 mg. and standard deviation 5-15) can 
be compared with 19 femurs analyzed by Tompsett 
(1936), which on a wet weight basis ranged from 
1-8 to 10-8 mg./100 g. (mean weight, 4-8 mg.). 

The lead content of the gall-stones varied con- 
siderably, and the concentration appeared to bear 
a direct relation to the amount of pigment. It would 
appear as if copper behaved in a similar manner, for 
it was present in considerable amounts in the more 
pigmented stones, colouring the ash blue. No quan- 
titative estimations of copper were made. Judd & 
Dry (1935) found 0-063—1-07 mg./100 ml. of copper 
in gall-bladder or fistula bile, while Meunier & 
Saint-Laurens (1926) found 300 mg./100 g. in pig- 
ment stones. 

The lead content of the bile is much less than 
that of the calculi, being in pg. instead of mg./100 g. 
The figures are of the same order as those found for 
lead in blood (Tompsett & Anderson, 1935, 1939), 
and are all less than 100yg./100 ml., which is the 
upper limit for lead in normal blood. In two in- 


Lead content 


of bile 
Post-mortem diagnosis (ug./100 ml.) 

Bronchitis, bronchopneumonia 27 
Carcinoma of stomach 14 
Delayed chloroform poisoning 31 
Peritonitis 43 
Thrombocytopaenic purpura * 30 
Pelvic cellulitis 40 
Chronic nephritis ; 32 
Sympathicoblastoma 71 
Peritonitis 14 
Infarct of myocardium 8 
Carcinoma of intestine 24 
Rheumatic endocarditis 38 
Gunshot wound 70 
Chronic pulmonary tuberculosis 97 

Mean 35 


stances, both bile and accompanying gall-stones 
were analyzed. Bile no. 5, with 30yg./100 ml. of 
lead, contained a cholesterol-pigment stone with 
11 mg./100 g. of lead, and bile no. 6, with 40 pg./ 
100 ml., contained a number of ‘pure’ pigment 
stones with 65 mg./100 g. There is, however, a con- 
siderable excretion of lead by the liver, for the 
concentration in gall-bladder bile, with a mean of 
38 vg./100 g., is approximately 10 times that found 
in normal urine. The occupations given in Table 3, 
and noted for 12 of the recent cases in Table 1, do 
not suggest any abnormal lead hazard. In the case 
of the steel-worker dying of a gunshot wound, the 
bullet did not remain in the body. No information 
is available for the old urinary calculi. 


SUMMARY 


1. The lead content of 17 recent urinary calculi, 
and of 16 calculi all more than 45 years old, was 
determined. In five calculi composed of uric acid 
or urates only, the lead content ranged from a trace 
to 1-6 mg./100 g. In the remaining 28 mixed calculi, 
lead ranged from 1-3 to 29 mg./100 g., mean 8-2 mg. 
There was no obvious difference in lead content 
between the recent calculi and the old. The amounts 
of lead found were of the same order as those found 
in long bone. 

2. In ten gall-stones the lead content varied from 
0-3 to 65 mg./100 g., the highest concentration being 
found in ‘pure’ pigment stones. 

3. In 14 samples of gall-bladder bile obtained 
post mortem the lead content varied from 8 to 
97 pg./100 ml., with a mean of 38 yg. 


I am much indebted to Prof. J. W. S. Blacklock for the 
opportunity to analyze the old calculi in the museum 
collection, and for his interest in this work. Part of the 
cost of this investigation was defrayed from a grant from 
the Rankin Fund of the University of Glasgow. 
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The Routine Estimation of Haemoglobin as Oxyhaemoglobin 


By G. H. BELL, J. W. CHAMBERS anv M. B. R. WADDELL, Institute of Physiology, 
University of Glasgow 


(Received 16 October 1944) 


It has become evident that visual (subjective) colori- 
metric estimations of haemoglobin are, perhaps even 
for clinical purposes, not sufficiently accurate be- 
cause of the wide scatter in determinations by the 
same observer and the still greater variations be- 
tween the results of different observers using samples 
of the same blood. Photoelectric colorimeters, on 
the other hand, have no subjective errors and do not 
cause visual fatigue. Moreover, they are now cheaper 
(Bell, 1944) than colorimeters of the Duboseq type. 
A number of procedures suitable for photoelectric 
colorimetry have already been closely investigated, 
viz. the alkaline haematin method (Clegg & King, 
1942; Peterson & Strangeways, 1944), the cyan- 
methaemoglobin method (Stadie, 1920; Austin & 
Drabkin, 1935; King, Gilchrist & Delory, 1944) and 
the pyridine haemochromogen method (Rimington, 
1942). Although these three methods seem to be 
the most favoured they are moderately complicated, 
and the latter two use dangerous or objectionable 
chemicals. The use of oxyhaemoglobin, the most 
easily prepared derivative, has been suggested by 
Szigeti (1940), Karr & Clark (1941), Bell & Guth- 
mann (1943) and Reeve (1944). This paper describes 
our experiences with the oxyhaemoglobin method 
using the balanced modification of the photoelectric 
colorimeter described by Bell & Guthmann (1943). 


METHODS 


Measurement of optical densities of haemoglobin derivatives 
with various light filters. The densities of oxyhaemoglobin 
and of the three pigments mentioned above were measured 
in the green, blue and violet regions of the spectrum. The 
oxyhaemoglobin solution was made by diluting 0-2 ml. of 
oxalated venous blood to 25 ml. with approximately 0-007 n- 
NH, (0-04 ml. ammonia solution, sp.gr. 0-88, to 100 ml. 
with water (Szigeti, 1940)); the other three pigments by 





the methods quoted in the introduction. The final concen. 
tration of blood was the same in all cases and the results 
have been referred to oxyhaemoglobin as 100 (Table 1). 

Measurement of optical densities with green light filters. 
The green region of the spectrum was investigated by means 
of a number of filters (Ilford Micro 3 and Spectrum 604; 
and the Wratten nos. 40, 44, 53, 58 A, 60P, 61N, 63, 65, 
65 A and 67; ef. Ilford Ltd. (1944) and Eastman Kodak Co, 
(1940)) in the hope of finding a region where all the pigments 
likely to be found in circulating blood had approximately 
the same density. The results for three of these filters are 
given in Table 2. 

The first four pigments were prepared from each of eight 
blood samples. Sulphhaemoglobin (four samples ) was pre- 
pared by bubbling H,S through the oxyhaemoglobin solution 
for 14 min., centrifuging and measuring the density before 
any precipitate of colloidal sulphur appeared. A marked 
change in colour was seen; there was a dense absorption 
band in the red (c. 620my) with faint bands of residual 
haemoglobin; the band in the red persisted after treatment 
with Na,S,0,. The haemoglobin was largely (probably over 
80%) converted to sulphhaemoglobin (cf. Drabkin & 
Austin, 1935). 

Comparison of oxyhaemoglobin method with colorimetric 
iron analyses. The accuracy of the oxyhaemoglobin method 
was investigated by the Wong (1928) thiocyanate method, 
but it was found that duplicate estimations did not agree 
closely. A slight alteration of Ponder’s (1942) modification 
was suggested to us by Dr A. B. Anderson and the final 
procedure was as follows: 

To 0-5 ml. of blood in a 50 ml. flask were added gradually 
2 ml. cone. H,SO,, swirled to-mix and allowed to stand 
overnight. Potassium persulphate (2 ml. saturated K,S,0, 
solution) was added, mixed and allowed to stand 1 hr. 
Distilled water was added to approximately 25 ml. and 
mixed. Sodium tungstate (2 ml. 10%) was added, mixed 
and allowed to stand 1 hr. The volume was made to 50 ml, 
the fluid mixed and filtered. To 20 ml. of the filtrate were 
added 1 ml. saturated K,S,0, solution and 4 ml. 3n-KCNS. 
The density of the Fe(CNS), colour was read exactly 3 min. 
later, with a Micro 2 light filter (Ilford). 
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Comparison of oxyhaemoglobin method with TiCl, iron 
analyses. The titanous chloride method described by Delory 
(1943) and applied to blood by King et al. (1944) was then 
employed as follows. 5 ml. duplicates of oxalated blood 
(Wintrobe) were treated with 1 ml. conc. HNO, and evapo- 
rated slowly to dryness and subsequently to complete 
charring; then ashed at about 450° in an electric muffle 
furnace overnight. The stock solution of TiCl, was diluted 
with 0-1 N-HCl saturated with CO, from a Kipp’s apparatus. 
The method was checked against pure iron wire. Pipettes 
were calibrated to ‘ contain’. 


RESULTS 


Within limits, the denser the colour used for any 
estimation the greater the accuracy. Table 1 shows 
that the density of oxyhaemoglobin in green light 
is greater than that of alkaline haematin and is not 
much less than that of pyridine haemochromogen. 
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and blue filters the differences in density are great, 
but with properly chosen green filters there is very 
little difference in the density of these pigments 
(Table 2; cf. also Drabkin & Austin (1935) and 
Austin & Drabkin (1935)). Even if 10% of the 
haemoglobin in a blood sample were in the form of 
one of these pigments, there would be less than 1% 
alteration in the density reading (and in the haemo- 
globin estimation), no matter which of the three 
green filters were used. 

The accuracy of the oxyhaemoglobin method was 
investigated by comparison with the colorimetric 
iron method in blood samples from 23 blood-bank 
donors. The ratio of the density of the oxyhaemo- 
globin measured with a green (Micro 3) filter to the 
density of the ferric thiocyanate measured with a 
blue (Micro 2) filter was calculated in each case. The 
coefficient of variation of this ratio was 1-67%. 


Table 1. Relative optical densities of pigments used for the estimation of haemoglobin 


Optical density (% of haemoglobin 
with Micro 3 (green) filter) 


Optical density (% of haemoglobin) 
with Ilford light filters 


with Ilford light filters 


Micro 1 Micro 2 
(violet) (blue) 
(%) (%) 
100 100 


Micro 1 Micro 2 
(violet) (blue) 
(%) % (%) 
129 87 100 
119 123 96 154 107 96 
125 152 128 161 132 128 
109 110 68 141 95 68 


Micro 3 
(green) 


Micro 3 
(green) 
(%) 


100 


Ilford light filters 


Oxyhaemoglobin 
Cyanmethaemoglobin 
Pyridine haemochromogen 
Alkaline haematin 


An advantage of the alkaline haematin and the 
ceyanmethaemoglobin methods is that all the haemo- 
globin is converted to-one pigment and accordingly 
the total pigment is estimated. Clegg & King (1942) 
consider it desirable that ‘the method employed 
should estimate the concentration of all forms of 
haem-pigment circulating in the blood’. With the 
oxyhaemoglobin method any reduced haemoglobin 
is converted to oxyhaemoglobin but methaemo- 
globin and other abnormal pigments (reviewed by 
Medical Research Council, 1943) are unaffected. If 
a wave-band could be found at which all the pig- 
ments likely to be found in blood had the same 
density, then the measurement would be inde- 
pendent of the type of haemoglobin. With violet 


Table 2. Optical densities of haem-pigments found in 
circulating blood, relative to oxyhaemoglobin, in the 
green region of the spectrum 


Light filters 


Micro Wratten Wratten 
3* 
(%) 
Oxyhaemoglobin 100 
Reduced haemoglobin 96 
CO-haemoglobin 110 
Methaemoglobin 94 
Sulphhaemoglobin 94 101 
* These filters have their maximum transmission at 
about 520 myz. 


There is thus no doubt that the colorimetric iron 
method is consistent with the oxyhaemoglobin 
method. To determine whether it gives results in 
agreement with the titanous method the iron con- 
tent of 12 blood samples was estimated by both 
methods. The mean ratio of the colorimetric Fe 
value to that by TiCl, was 1-045 with a standard 
deviation of 0-009. Slightly higher values given by 
the colorimetric method were due to iron washed 
out of the filter paper. Many commercial filter 
papers contain sufficient iron to interfere with the 
accuracy of the method. 

The method of titration of ferric iron with a 
titanous salt seems to be the accepted standard 
method for the estimation of haemoglobin (Sub- 
committee Report to the Medical Research Council, 
1943). There are substantial objections to using 
oxygen capacity (Ammundsen, 1941). 

After preliminary experiments had shown that 
our technique was satisfactory, 31 consecutive blood 
samples from the blood bank were estimated simul- 
taneously by the TiCl,; method and the oxyhaemo- 
globin method. The samples contained from 41-0 to 
61-4 mg. Fe/100 ml. (i.e. from 12-3 to 18-4 g. Hb/ 
100 ml.), and the corresponding range of optical 
density, with a 0-5 cm. glass cell, was 0-249-0-358 
with the green Micro 3 filter. The Fe estimations 
and the density measurements were in duplicate. 
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The ratio—density of oxyhaemoglobin x 10° divided 
by Fe in mg./100 ml.—was calculated in each case 
with the results shown in Table 3. 


Table 3. Ratio of optical density of oxyhaemoglobin 
solutions to iron analyses by the titanous chloride 


method 
Corrected Coefficient of 


Green light Mean standard _ variation 
filters ratio* deviation of 
Micro 3 598 7-09 1-18 
Wratten 40 530 5-18 0-98 
Wratten 60P 554 8-26 1-49 


* Density of the oxyhaemoglobin sample (0-2 ml. blood 
in 25 ml. 0-007N-NH,) multiplied by 10° and divided by 
mg. Fe/100 ml. of the same blood. Thirty-one blood samples 
were used with a mean value of 15-0 g. haemoglobin/100 ml. 


These results show even less scatter than do the 
results of the cyanmethaemoglobin method which 
King et al. (1944) consider is the most accurate 
colorimetric method. Any of the three filters gives 
satisfactory results, but the data of Tables 2 and 3 
taken together suggest that Wratten 40 is the best. 

Macfarlane & O’Brien (1944) suggested that there 
might be a sex difference in haemoglobin. Our 
31 cases were made up of 14 men and 17 women 
(11 of the latter were over 45 years). The Fisher 
t test indicated that the differences are just statistic- 
ally significant. They are in line with those of 
Macfarlane & O’Brien (1944), and suggest that there 
is more non-haemoglobin iron in men than in 
women (Table 4). This sex difference obviously 


Table 4. Ratios of optical density of oxyhaemoglobin 
to iron analyses of blood of men and women 
Differ- 
ence of 


means t 
x100 (Fisher’s 


Mean ratio* Differ- 


Green light _—————*~————__, ence of 


filters Men Women means ~mean _ test) 
Micro 3 594-8 600-6 5-80 0-97 2-44 
Wratten 40 527-9 532-4 4-49 0-85 2-047 


Wratten 60P 551-5 556-6 5-15 0-93 2-35 

* Same ratio as in Table 3 calculated separately for 
14 men and 17 women. Fisher ¢ test shows a significant 
difference between the ratios for the two sexes. Where 
n=29, t=2-046 when P =0-05, and t=2-462 when P =0-02. 


causes a scatter of the results when men and women 
are taken together, as shown in Table 3. If this 
factor is taken into account the coefficients of varia- 
tion in Table 3 are reduced still further. 


DISCUSSION 


We have presented ample proof that the photo- 
electric estimation of haemoglobin as oxyhaemo- 
globin under the conditions specified is a very 
accurate method. 


Its simplicity and accuracy 
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should appeal to those who have to make numerous 
routine estimations. Nothing is gained by using 
more complicated procedures. 

The reasons for the choice of weak ammonia as 
the diluting fluid are that the alkalinity (pH about 
10) prevents significant turbidity due to lipids and 
proteins and allows the haemoglobin to be more 
readily converted to oxyhaemoglobin, that the 
maximum colour is reached at once, and the'density 
remains unchanged for a considerable time. The 
greater stability of oxyhaemoglobin in weak am- 
monia compared to stronger alkali was first pointed 
out by Szigeti (1940) and was confirmed by Hill & 
Pincock (1941). We have found that the density of 
a solution of oxyhaemoglobin in 0-007N-ammonia 
measured with any of the three green filters remains 
substantially unchanged even after 4 days at 
room temperature. 

It must be remembered, in using the oxyhaemo- 
globin procedure, that the form of the absorption 
spectrum, especially of methaemoglobin, depends 
on pH. Furthermore, the use of any diluting fluid 
other than that recommended by us would mean 
the abandonment of one of the main advantages of 
our method, namely, that, under the conditions we 
have described, the densities of normal and ab- 
normal pigments are very nearly the same. 


SUMMARY 


1. The use of oxyhaemoglobin in a routine me- 
thod for the photoelectric estimation of haemoglobin 
is recommended. The oxyhaemoglobin formed when 
blood is mixed with 0-007 N-ammonia is very stable. 
With an appropriate green light filter the presence 
of abnormal pigments in the blood makes no appre- 
ciable error in the method. The optical density of 
the oxyhaemoglobin solution is of the same order 
as that of other derivatives (cyanmethaemoglobin, 
pyridine haemochromogen, alkaline haematin) ad- 
vised by other workers for the estimation of haemo- 
globin. 

2. The photoelectric estimation of haemoglobin 
as oxyhaemoglobin, when standardized by the TiCl, 
method of iron estimation, is in our experience the 
most simple and accurate method for routine pur- 
poses. 

3. There is a small but significant difference 
between the ratio of haemoglobin to total iron in 
the blood of men and women. 


We are grateful to the staff of the blood bank of the 
Western Infirmary, Glasgow, for their co-operation. We 
have to thank Dr E..J. King of the British Postgraduate 
Medical School for valuable advice on the titanous chloride 
method. The expenses of this work were defrayed by the 
Rankin Medical Research Fund of the University of Glasgow. 








1€ 
le 
te 
le 
1€ 





Vol. 39 


ESTIMATION OF HAEMOGLOBIN 63 


REFERENCES 


Ammundsen, E. (1941). J. biol. Chem. 138, 563. 

Austin, J. H. & Drabkin, D. L. (1935). J. biol. Chem. 112, 67. 

Bell, G. H. (1944). Lancet, 1, 325. 

Bell, G. H. & Guthmann, E. (1943). J. sci. Instrum. 20, 145. 

Clegg, J. W. & King, E. J. (1942). Brit. med. J. 2, 329. 

Delory, G. E. (1943). Analyst, 68, 5. 

Drabkin, D. L. & Austin, J. H. (1935). J. biol. Chem. 112, 
51. 

Eastman Kodak Co. (1940). Wratien Light Filters, 16th ed. 
Rochester, N.Y.: Eastman Kodak Co. 

Hill, D. K. & Pincock, A. C. (1941). Lancet, 2, 754. 

Ilford Ltd. (1944). Panchromatism, 26th ed. London: 
Ilford Ltd. 

Karr, W. G. & Clark, J. H. (1941). Amer. J. clin. Path. 
5 (Technical Section), 127. 


King, E. J., Gilchrist, M. & Delory, G. E. (1944). Lancet, 
1, 239. 

Macfarlane, R. G. & O’Brien, J. R. P. (1944). Brit. med. J. 
1, 248. 

Medical Research Council Subcommittee on Analytical 
Methods. Report to the Traumatic Shock Committee 
(1943). Brit. med. J. 1, 209. 

Peterson, J. M. & Strangeways, D. H. (1944). Brit. med. J. 
1, 43. 

Ponder, E. (1942). J. biol. Chem. 144, 333. 

Reeve, E. B. (1944). J. Path. Bact. 56, 95. 

Rimington, C. (1942). Brit. med. J. 1, 177. 

Stadie, W. C. (1920). J. biol. Chem. 41, 237. 

Szigeti, B. (1940). Biochem. J. 34, 1460. 

Wong, S. Y. (1928). J. biol. Chem. 77, 409. 


The Mode of Occurrence of Carotene and Vitamin A 
in Human Blood Plasma 


By L. M. DZIALOSZYNSKI, E. M. MYSTKOWSKI anp C. P. STEWART, The Clinical Laboratory, 
Royal Infirmary, Edinburgh, and the Polish School of Medicine, Edinburgh 


(Received 31 October 1944) 


This work was undertaken primarily in the hope 
that a knowledge of the way in which carotene and 
vitamin A are carried in blood would aid in solving 
the problem of the apparently erratic occurrence of 
vitamin A in abnormal urines. 

The existing statements are conflicting, and the 
evidence in support of them is scanty. Palmer 
(1915), impressed by the impossibility of extracting 
more than traces of carotene from cow serum by 
ethanol-free ether, and by the different behaviour 
of cow and hen sera, postulated a carotene-albumin 
compound. Pett & Le Page (1940) believed that 
their experiments on fractional precipitation showed 
the carotene to be bound to serum globulin, and 
Bennhold’s (1938) measurements of cataphoretic 
migration support this view. On the other hand, 
Van den Bergh & Miiller (1920) showed that simple 
aqueous colloidal solutions of carotene resembled 
serum in that the carotene was not readily extracted 
by organic solvents such as ether and, though there 
were some differences, they considered carotene as 
existing in serum in simple colloidal solution. Their 
observations were confirmed by Drummond & 
MeWalter (1935). The existence in nature of caro- 
tene- or carotenoid-proteins has been demonstrated, 
e.g. lycopene-protein in tomato (Kuhn & Bielig 
(1940), astacene-protein and rhodopsin, vitamin A- 
protein (Wald, 1938; Lovern & Morton, 1939), ovo- 
verdin, astaxanthin-protein (Kuhn & Sorensen, 


1938). However, the fact that these substances 
exist, though it shows the possibility, does not 
indicate whether or not carotene and vitamin A 
are actually carried in blood plasma as protein (or 
other) compounds or in simple colloidal solution. 


METHODS 


The plan was to examine the power of ether and other 
organic solvents to extract carotene and vitamin A from 
citrated human plasma (prepared from a mixture of 9 vol. 
of blood and 1 vol. of 3-8 % trisodium citrate) under various 
conditions—adjustment of pH over a wide range, freezing 
in presence of the solvent, addition of protein precipitants, 
addition of aqueous colloidal solution of carotene, etc. 
Under all suitable conditions, comparison was to be made 
with simple aqueous colloidal solutions of carotene prepared 
as described by Van den Bergh & Miiller (1920). These 
experiments are described later in the paper. The methods 
of extracting and determining the carotene and vitamin A 
were common to all. 
Extraction 


The standard method was to make three successive ex- 
tractions of the material (plasma, serum, precipitated pro- 
tein, etc.) with peroxide-free ethyl ether or other solvent. 
For each extraction, 2 vol. of solvent were added to 1 vol. 
of the material, and the mixture was shaken vigorously by 
hand for 10 min., after which the ether layer was allowed 
to separate spontaneously or by centrifuging and was re- 
moved. From the combined extracts, the ether was com- 
pletely distilled in an atmosphere of CO, and with avoidance 
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of over-heating. The residue was taken up quantitatively 
in 50 ml. light petroleum, and this solution was washed 
once with 25 ml. of 3% KOH and then twice with 50 ml. 
distilled water. The light petroleum solution was then dried 
over anhydrous Na,SO, and a sample was evaporated to a 
small volume in an atmosphere of CO, and made up to 
exactly 10 ml. This contained a known fraction of the 
carotene and vitamin A extractable by the solvent originally 
used, and in it these substances were determined. 

To determine the carotene and vitamin A remaining 
unextracted by the organic solvent used, the residual 
material after the three extractions was mixed with an 
equal volume of aldehyde-free ethanol (Dunlop, 1936) and 
again extracted three times with 2 vol. of light petroleum, 
the conditions of extraction being as before. The combined 
extracts were concentrated to 50 ml. in an atmosphere of 
CO, and were then washed and further concentrated as 
described. 

In each series of extractions the third contained negligible 
amounts of carotene and vitamin A so that extraction was 
complete under the conditions. It is not certain that the 
addition of ethanol allowed the extraction of all the vita- 
min A and carotene present in plasma, though it has been 
tentatively assumed that it did. Certainly this seemed to 
be true of aqueous colloidal solutions of known approximate 
concentration. The point, though of importance in relation 
to the absolute determination of carotene and vitamin A 
in plasma, is relatively unimportant in the experiments 
described in this paper. 

Ethyl ether was the solvent generally used for the initial 
extraction of plasma or serum since other solvents caused 
emulsification to an extent which made the subsequent 
separation difficult or even impossible. The method used, 
however, ensured that all the carotene estimations were 
done in the same solvent, light petroleum. 
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used and the calibration curve was prepared from the 
2-naphthoate of vitamin A supplied by British Drug Houses, 
Ltd. for purposes of standardization. 

Cholesterol was determined by the Liebermann-Burchardt 
reaction, again using the absorptiometer (no. 1 filters*) 
calibrated on chemically pure cholesterol. It may be noted 
that chloroform solutions of carotene, though not of vita- 
min A, give a blue-green colour with acetic anhydride in 
presence of a trace of sulphuric acid; this colour, however, 
is maximal within a few seconds and then fades so rapidly 
that it does not interfere with the determination of chole- 
sterol. 

Lipoid phosphorus was determined by the method de- 
scribed by Stewart & Hendry (1935) except that the final 
colour was measured on the absorptiometer (red filter* 
no. 1) calibrated against pure disodium hydrogen phosphate. 

Plasma proteins were determined by the micro-Kjeldahl 
method, trichloroacetic acid being used for complete protein 
precipitation, and saturation with magnesium sulphate for 
precipitation of globulins. 


RESULTS 


The effect of pH on the extractability of carotene and 
vitamin A from plasma and from aqueous colloidal 
solution 

Alkali or acid, in arbitrarily chosen amounts, was 

carefully added to the plasma, and the pH of each 

mixture was measured (Beckmann pH meter) with- 
out any further attempt to adjust it accurately to 

a predetermined figure. Since, however, small 

differences of pH were without pronounced effect, 

this method was sufficiently accurate for our pur- 

pose. Extraction of the carotene and vitamin A 


Table 1. Effect of pH on the extraction of carotene and vitamin A by ethyl ether from citrated human plasma 


(The figures represent percentages of the total amounts extractable in the presence of ethanol.) 


Carotene extracted (% of total present) at pH 
nen 








Cc ee 
10-9 9-8 8-7 7-6 6-5 5-4 4-3 
9 a 16 — — — 91 
— — 28 7 79 ~- 80 
— 24 9 100 100 89 = 
— 25 20 39 58 — — 
40 — 40 60 — 97 aa 
— — 37 — —- 100 — 
— 24 26 31 68 —- — 
— — 19 37 45 —— — 
— ~- 20 31 69 — — 
Mean 25 24 24 49 70 98 86 


Determination 


Carotene was determined by the yellow colour measured 
on a Spekker photoelectric absorptiometer, with blue 
filters* (no. 6) and a calibration curve prepared from 
B-carotene (British Drug Houses, Ltd.). 

Vitamin A was determined by the Carr-Price reaction 
using Yudkin’s (1941) technique. Red filters* (no. 1) were 


* The filters were of the ordinary set supplied with the 
instrument (4455). 


Vitamin A extracted (% of total present) at pH 





10-9 98 8-7 7-6 6-5 5-4 4-3 
72 _— 68 —_ _ —_ 75 
—_— —_ 68 _— 90 — 91 
_ 33 22 87 100 93 _ 
_ 59 59 70 83 — _ 
65 _— 48 83 —_ 96 — 
—_ —_ 55 —_ — 100 _ 
~- 74 57 80 99 —_ _ 
_— _ 95 98 83 — _— 
— _ 60 76 86 — — 
68 55 59 82 90 98 83 


was done as previously described. Table 1 sum- 
marizes the results of nine such experiments. 

It is evident that, at the original pH of the 
plasma, which was usually about 7-6, the extracta- 
bility by ether of both carotene and vitamin A 
varies considerably, but that it is always incomplete, 
and is invariably greater for the vitamin than for 
its precursor. Increased alkalinity has very little 
effect on the power of ether to extract either sub- 
stance, but, when the pH of the plasma is lowered, 
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the percentage of both vitamin A and carotene 
extractable by ether increases considerably, be- 
coming maximal about pH 5, i.e. at or about the 
isoelectric point of the plasma proteins. When the 
pH falls still further, the substances become some- 
what less completely extractable by ether. 
Aqueous colloidal solutions of carotene behaved 
somewhat similarly. Table 2 gives the results of a 
typical experiment. The degree of dispersion of 
carotene in such solutions varies considerably (de- 
pending upon, inter alia, the proportions of carotene, 
acetone and water used in the preparation), and 
from some such solutions the whole of the carotene 
is readily extracted by ether at pH 7-8, a pheno- 
menon which we have never found to occur with 
plasma in several hundred such extractions. 


Table 2. Effect of pH on the extraction of carotene by 
ethyl ether from an aqueous colloidal solution 


Percentage of total 


pH carotene extracted 
7-13 24 
6-50 35 
6-04 39 
5-62 52 
2-50 100 


In a small number of experiments, a direct com- 
parison was made between the behaviour of colloidal 
carotene solutions in water and similar solutions 
containing 1 % serum albumin. These are not strictly 
comparable with those already described, since only 
asingle extraction with ether was made, and shaking 
was continued for only 5 min. Table 3 shows for a 
typical experiment: of this kind that, at every pH 
tested, the presence of the protein reduced the 
amount of carotene extracted. 


Table 3. Effect of pH on the extraction of carotene by 
ethyl ether from an aqueous colloidal solution and 
from a similar solution containing 1% serum 


albumin 
Carotene extracted 
(% of total present) 
CE Ee 
From 1% 


pH From water serum albumin 
8-7 48 11 
7-6 — 14 
7-0 52 — 
6-3 91 _ 
3-0 100 16 


Although plasma and aqueous colloidal solutions 
of carotene behave so similarly, these experiments 
fail to refute the idea of a protein-carotene and a 
protein-vitamin A complex. Indeed the comparison 
of the colloidal carotene solution with and without 
serum albumin lends some support to the idea. It is 
significant too that in plasma maximal extracta- 
bility of both carotene and vitamin A occurs near 
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the isoelectric point of the plasma proteins, and that 
it falls off on the acid side of this point. It is therefore 
worth considering some observations on the effect 
of the experimental procedure on the proteins 
themselves. 

Both vigorous shaking and the presence of ether 
are capable of producing denaturation of protein, 
and it was readily seen in all the experiments with 
plasma (which involved these two factors) that the 
aqueous phase developed an opalescence which was 
more marked in the plasma with lowered pH. To 
test whether this was due to protein precipitation, 
and to put the matter on a quantitative basis, 
citrated plasma of known protein content was put 
through the experimental procedure of pH altera- 
tion and shaking with ether, then submitted to 
diminished pressure for 3 hr. to remove the ether, 
and finally filtered, protein being determined in the 
filtrate. Table 4 shows that appreciable quantities 


Table 4. Effect of pH adjustment and shaking with 
ether on the protein content of citrated human plasma 


Protein remaining 


in solution 
Protein 
(% of precipitated 
pH (g-/100 ml.) _ original) (%) 
10-0 5-08 83-7 16-3 
8-0 5-93 97-9 2-1 
6-8 5-29 87-3 12-7 
5-5 4-98 82-0 18-0 
4-7 4-76 78-5 21-5 


of protein had been denatured and precipitated and 
that these quantities were greater the nearer the 
pH of the plasma approached the isoelectric point 
of the plasma proteins. Further, fractionation with 
ammonium sulphate suggested that the precipitated 
protein was mainly, if not entirely, albumin, though 
the experiments were not quite clear-cut. Experi- 
ments in which the pH of the plasma was altered, 
and shaking with ether was omitted, indicated that 
it was this latter pair of factors which was chiefly 
responsible for the denaturation. Besides the pro- 
tein actually precipitated, however, much of that 
remaining in the alkaline solutions had undergone 
denaturation. This was shown by experiments of 
the type summarized in Table 5. In these, after the 
shaking with ether and removal of dissolved ether, 
part of the plasma was filtered at once, and part 
was filtered after the pH had been adjusted to 4-7. 
Whereas acidification caused greater precipitation 
of protein, alkalinization caused the greater de- 
naturation without immediate precipitation. 

These experiments demonstrated a relation be- 
tween the effects of pH alteration and ether ex- 
traction on the extractability of carotene and vita- 
min A and on the denaturation and precipitation 
of plasma protein. 
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Table 5. Effect of pH adjustment and shaking with ether on the protein content of citrated human plasma 
(a) at the pH of the shaking and (b) after readjustment of pH to 4-7 
(2) (6) 


Protein remaining in solution Protein remaining in solution 





at the indicated pH Protein after readjustment of pH to 4-7 Protein 
—o#H— precipitated 9=— ————— precipitated 
pH (g./100 ml.) (% of original) (%) (g./100 ml.) (% of original) (%) 
12-0 5-0 94-0 6-0 0-58 10-8 89-2 
10-1 5-0 94-0 6-0 4-63 87-2 12-8 
7-9 5-24 98-6 1-4 5-04 95-0 5-0 
6-8 4-84 91-0 9-0 4-84 91-0 9-0 
5-4 4-63 87-2 12-8 4-63 87-2 12-8 
4:7 4-4] 83-0 17-0 4-51 84-9 15-1 





It is interesting to note that the extractability of 
cholesterol and phospholipins by ether from plasma 
is influenced by pH in a way very similar to that 
found for carotene and vitamin A. Table 6 gives the 
result of a typical experiment in which all four 
substances were determined in ether extracts made 
in the usual way; the amounts extracted are ex- 
pressed as percentages of the total amounts found 
in the original plasma. 


Table 6. Effect of pH on the extraction of cholesterol 
and phospholipins from citrated human plasma 


Amount extracted from 100 ml. plasma 
Se ae eek | ; ms Y 





Vita- Chole- 
Carotene minA sterol Lipoid P 
pH (ug) (iu.) (mg.) (mg.) 
7-65 14 60 43 0-40 
6-80 20 84 53 0-68 
5-20 44 98 116 0-90 


Effects of ethanol 


Addition of ethanol to plasma, to aqueous col- 
loidal carotene solutions, or to solutions of carotene 
containing 1% serum albumin, increases the quan- 
tity of carotene extractable by ether. In all cases, 
addition of an equal volume of ethanol is necessary 
to ensure maximal extraction of carotene. With 
smaller additions of ethanol, however, the effect is 
much greater on the simple aqueous solution than 
on those containing protein. Thus in one experiment 
the addition of 3} vol. of ethanol to an aqueous 
colloidal carotene solution allowed the extraction 
(by ether) of 65 % of the carotene present, whereas 
direct ether extraction removed only 9%. In a 
parallel experiment with carotene in 1% albumin, 
a similar concentration of ethanol increased the 
amount of ether-extractable carotene only from 
8 to 14%. The results with plasma are similar to 
these latter. ; 

These results, showing a qualitative similarity, but 
a quantitative difference between simple aqueous 
colloidal solutions of carotene and those containing 
protein, again show that protein has an important 
effect on the ether-extractability of carotene, such 


as is most readily explained by supposing a carotene- 
protein compound of some kind. 


The effect of bile salts 


Drummond & MecWalter (1935) mention their 
preparation of a carotene-deoxycholic acid complex, 
and speak of the absorption of carotene from the 
intestine as due largely to the formation of such 
water-soluble complexes. 

Such complexes, if they were formed in plasma 
to which bile salts were added (whether from pre- 
existing free carotene or from carotene liberated 
during the manipulation) might be expected to 
cause a reduction in the amount of carotene ex- 
tractable by ether. This is actually the case (Table 7). 
It is evident that the influence of bile salts, though 
not great, is appreciable, and is exerted on vitamin A 
as well as on carotene. When they are added to an 
aqueous colloidal solution of carotene, the inhibition 
of ether extraction is very much greater. 


Table 7. Effect of bile salts on the extraction of carotene 
from citrated human plasma and from aqueous 
colloidal solution, and the extraction of vitamin A 
from plasma by ethyl ether 


Carotene extracted Vitamin A 
(% of total present) from (% of total 
a OF" present) 
Bile salts Colloidal extracted 
(mg./100 ml.) Plasma solution from plasma 
0 32 81 82 
40 29 —- 70 
100 16 4-5 66 


The effect of the protein of the plasma is very 
marked. The results may be interpreted by sup- 
posing the formation of a bile salt carotene (or vita- 
min A complex) in the presence of free carotene but 
not in the presence of a carotene-protein complex. 
Then, given a sufficiently high concentration of bile 
salt, practically all the (free) carotene of the aqueous 
colloidal solution may be supposed to enter into 
combination and to become almost or quite ether- 
insoluble. With the plasma, however, but little 
carotene is free, most being in combination with 
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protein, so that only this small amount, together 
with that liberated during the shaking with ether, 
is capable of combining with bile salt (and even 
here, there may be supposed to be competition 
between the ether and the bile salts); hence the 
already small proportion extracted by ether is not 
greatly decreased. 


Effect of freezing with ether 


Macfarlane (1942) has shown that when plasma 
or serum is shaken with ether, and the mixture is 
frozen at — 25°, the ether layer, after re-thawing, 
contains a considerable amount of lipoid material— 
very much more than can be extracted by ether 
when it is simply shaken with liquid plasma. Simi- 
larly, the amount of carotene and vitamin A ex- 
tractable from plasma by ether is greatly increased 
if the ether-plasma mixture is frozen at — 25° for 
2 hr. and then thawed (Table 8). It is necessary to 
freeze the ether and piasma together; extraction of 
plasma which has been frozen and thawed at room 
temperature yields the same amount of carotene 
and vitamin A as extraction of the untreated control. 
Time appears to be a factor also, since rapid freezing 
of the ether-plasma mixture in liquid air was without 
effect. 


Table 8. Effect of freezing the ether-plasma mixture 
at — 25° on the extraction of carotene and vitamin A 
from citrated human plasma by ethyl ether 


Amount extracted 


Without freezing With freezing 





ae —_— 1 oo 
Carotene Vitamin A Carotene Vitamin A 
(ug-) (iu.) (ug-) (i.u.) 
3 34 13 73 
2 9 35 101 
0 0 16 52 


It should be noted that, in these freezing experi- 
ments, the plasma and ether were merely shaken 
together sufficiently for mixing to occur, and that 
after re-thawing the ether layer was separated 
without further shaking. This contrasts with the 
previously described experiments in which shaking 
was vigorous and was prolonged for 15 min. 

With vigorous shaking, ether at room temperature 
and at pH 7-7 caused precipitation of about 2% of 
the total plasma protein (and the denaturation 
without precipitation of a further 3%). When the 
ether was merely allowed to remain in contact with 
the plasma at room temperature for 2 hr., the 
amount of protein denatured and precipitated was 
too small to be measured. When, however, the 
ether-plasma mixture was frozen for 2 hr. and re- 
thawed, 5-6 % of the total protein was precipitated, 
and this appeared to be entirely albumin. Hence, as 
in the case of pH change, increased solubility of 
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carotene and vitamin A in ether has occurred in 
conditions which produce protein denaturation. It 
must, however, be recorded that an aqueous col- 
loidal solution of carotene behaved similarly, all the 
carotene being extracted by ether which remained 
in contact with the solution for 2 hr. at — 25°, while 
only one-third was extracted by simple shaking 
without freezing. 


Effect of precipitation of protein by 
ammonium sulphate 

In these experiments protein was partially u 
completely precipitated from the plasma by addition 
of ammonium sulphate to the appropriate concen- 
tration. The precipitates were separated by centri- 
fuging and were washed with ammonium sulphate 
solution of the concentration used in the precipita- 
tion. Carotene and vitamin A were determined in 
both supernatant fluid and precipitate in the usual 
way (i.e. after extraction with ether in the presence 
of excess ethanol). 

The protein precipitated by 50% saturation with 
ammonium sulphate contained no carotene and 
vitamin A, which remained completely in the super- 
natant fluid, from which, however, they were only 
partially extractable by shaking with ether. 

On the other hand, the protein precipitated by 
75 or 100% saturation with ammonium sulphate 
contained all the carotene and vitamin A, none re- 
maining in the supernatant fluid; simple extraction 
with ether of the precipitated protein dissolved or 
suspended in water, however, yielded very little of 
either substance. 

It seems, therefore, that the carotene and vita- 
min A are associated with the plasma albumin, and 
that this association is maintained when the albumin 
is precipitated without denaturation. 

Aqueous colloidal solutions of carotene behaved 
quite differently; from one such solution at pH 7-3 
only 10% of the carotene present was extractable 
by simple shaking with ether, whereas 76 % became 
extractable when the solution was saturated with 
ammonium sulphate. 


Extractability of carotene from plasma plus 
aqueous colloidal solution of carotene 


A sample of fresh citrated plasma was extracted 
with ether (three extractions, each with 2 vol. of 
ether and shaking for 10 min.) ; carotene was deter- 
mined in the combined extracts and (after addition 
of excess ethanol) in the residual plasma. 

To a second sample of the same plasma, and to 
a third previously extracted with ether as just de- 
scribed, aqueous colloidal carotene solution (} vol.) 
was added, and these were then extracted with 
ether, carotene being determined as before in 
extracts and residual plasma. 


5-2 
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As appears from the figures given in Table 9, a 
large proportion (80%) of the carotene added to the 
fresh plasma is not extractable by ether, but if the 
plasma has previously been shaken thoroughly with 
ether, a much smaller proportion (20%) of the added 
carotene resists ether extraction. Whe, using the 
same plasma, the experiment is repeated with the 
pH lowered to below 7-0, practically none of the 
added carotene is incapable of ether extraction. 
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free carotene and in the other with a carotene- 
containing (and a vitamin A-containing) compound. 
We believe that this is so, and that protein is the 
second component of the compounds. 

In support of this view, apart from the suggestive 
quantitative differences just mentioned, is the fact 
that the addition of serum albumin to aqueous 
carotene solutions gives a mixture which closely 
simulates plasma. Further, there are the very im- 


Table 9. Extraction of carotene with ether from plasma containing added carotene 


Plasma alone, pH 7-6 

Plasma + 500 ug. carotene/100 ml., pH 7-6 
Extracted plasma + 500g. carotene/100 ml., pH 7-6 
Plasma alone, pH 6-7 


Extracted plasma + 500g. carotene/100 ml., readjusted to pH 7-6 


Plasma alone, pH 5-6 


Extracted plasma +500yg. carotene/100 ml., readjusted to pH 7-6 


These results suggest that carotene forms a fairly 
stable complex with plasma protein and that this 
complex is disrupted by procedures which, like 
shaking with ether, denature the protein. 


DISCUSSION 


Certain facts concerning the extraction of carotene 
(and vitamin A) from citrated human plasma are 
clear: the amount extracted is a function of pH, 
increasing as the pH is decreased from the normal 
and becoming maximal at pH 4-5 but not altering 
very much with increased alkalinity; a similar in- 
crease is produced by the addition of ethanol, 
maximal when the volume added is about equal to 
the volume of plasma; freezing the plasma at — 25° 
in contact with ether also produces an increase in 
the amount of carotene extracted ; saturation of the 
plasma with ammonium sulphate precipitates the 
carotene and vitamin A with the proteins but with- 
out rendering it ether-soluble, while half-saturation 
neither precipitates these substances with the glo- 
bulins nor renders them ether-soluble; bile salt in 
sufficient concentration decreases the amount of 
carotene and vitamin A extractable by ether to a 
small but measurable extent. 

Qualitatively, similar results are obtained with 
aqueous colloidal solutions of carotene except by 
addition of ammonium sulphate, which increases 
the ether-solubility of the carotene. As has been 
shown, however, the results with such aqueous solu- 
tions are quantitatively different from those with 
plasma (or with aqueous solutions to which serum 
albumin has been added), and the question is 
whether these differences are sufficient to justify 
the view that we are dealing in the one case with 


Carotene (yzg./100 ml.) 
eee ees 


7 =— ae 
Expected 
Extracted Residual Total total 
40 52 92 — 
136 460 596 592 
412 152 564 552 
72 20 92 — 
520 12 532 520 
88 4 92 — 
476 6 482 504 


portant facts that ammonium sulphate in suitable 
concentrations precipitates carotene and vitamin A 
with the plasma albumin and that ether does not 
extract these substances from the redissolved or 
suspended precipitate any more readily than from 
the original plasma. Add to all this the observations 
that the combined effect of shaking with ether and 
altering the pH of plasma denatures and precipitates 
protein as it alters the extractability of carotene 
and vitamin A, and that extraction in the presence 
of ethanol only becomes complete when the ethanol 
concentration is sufficient to cause protein precipi- 
tation. Finally, there is the evidence that carotene 
in aqueous colloidal solution added to plasma be- 
comes less ether-extractable than would be ex- 
pected, whereas it is readily extracted if added to 
plasma of which the proteins have previously been 
partly denatured by shaking with ether near their 
isoelectric point. Against all this there can only be 
set the qualitative similarity of behaviour between 
plasma and aqueous colloidal carotene solutions. 
If this conclusion of the existence of a carotene- 
protein and a vitamin A-protein compound be 
accepted, then the evidence indicates that the 
protein concerned is plasma albumin. Bennhold 
(1938) states that in cataphoretic migration carotene 
moves with the serum globulin, and adversely criti- 
cizes fractional precipitation as a means of studying 
plasma proteins. In view of this it is safer to regard 
the identity of the protein combined with carotene 
and vitamin A as ‘non proven’, but there is a little 
further evidence suggestive of its being albumin. 
Padersen & Waldenstrom (1937) have shown by 
studies employing electrophoresis and the ultra- 
centrifuge that bilirubin in plasma is bound to 
albumin, and they have further shown that bilirubin 
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added to solutions of serum albumin is bound, while 
with ovalbumin it remains free. Now when carotene 
and vitamin A are extracted from plasma, the 
extracts are contaminated with bilirubin (which is 
removed by washing with 3% KOH solution). 
When the pH of the plasma is altered, the amounts 
of carotene and bilirubin increase proportionately, 
and become maximal at the same pH. Moreover, 
there is the experimental finding that conditions 
which favour the ether extraction of carotene and 
vitamin A are those which produce denaturation 
and precipitation of protein, the protein concerned 
being mainly if not entirely albumin. 


SUMMARY 


1. Only small amounts of carotene and vitamin A 
are extracted from citrated plasma by shaking with 
ether; lowering the pH allows the extraction of 
greater amounts, the maximum (probably all) being 
extracted at pH 4-5. The shaking with ether causes 
denaturation and precipitation of protein, this effect 
also increasing as the pH is decreased. 

2. The presence of ethanol increases the extracta- 
bility of carotene and plasma; in a mixture of equal 
volumes of plasma and ethanol, extraction appears 
to be complete. 

3. Bile salts decrease the amounts of carotene 
and vitamin A extracted by ether. 
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4. Half saturation of plasma with ammonium 
sulphate causes no precipitation of carotene and 
vitamin A nor change in their ether-solubility ; three- 
quarter or complete saturation precipitates these 
substances with the albumin, but they are not 
readily extracted from the precipitate by ether. 

5. Freezing plasma at —25° in contact with 
ether causes an increase in the amount of carotene 
and vitamin A extracted by the ether. 

6. Carotene in aqueous colloidal solution behaves 
qualitatively like plasma in these various ways, but 
there are important quantitative differences. 

7. Carotene in aqueous colloidal solution added 
to normal plasma becomes unextractable by ether, 
but this does not occur when plasma previously 
shaken with ether (so that protein has been de- 
natured) is used. 

8. The evidence is held to indicate the existence 
of compounds of carotene and vitamin A with pro- 
tein, the protein concerned being probably, but not 
certainly, albumin. Denaturation and precipitation 
of the protein appears to weaken or disrupt the 
compounds. 


The authors gratefully acknowledge a grant from the 
Medical Research Council for technical assistance and 
material, and from the Moray Fund of Edinburgh Uni- 
versity for reagents and apparatus. They also. thank Prof. 
G. F. Marrian, F.R.S., for laboratory facilities granted to 
the Chemistry Department of the Polish School of Medicine. 


REFERENCES 


Bennhold, H. (1938). Die Eiweisskirper des Blutplasmas. 
Dresden and Leipzig: Theodor Steinkopff. 

Drummond, J. C. & MeWalter, R. J. (1935). J. Physiol. 
83, 236. 

Dunlop, F. L. (1936). Trans. Amer. chem. Soc. 28, 395. 

Kuhn, R. & Bielig, H. J. (1940). Ber. dtsch. chem. Ges. 
73, 1080. 

Kuhn, R. & Sorensen, N. A. (1938). Ber. dtsch. chem. Ges. 
71, 1879. 

Lovern, J. A. & Morton, R. A. (1939). Biochem. J. 33, 337. 


Nore sy C. P. Stewart. At the time of Dr 
Mystkowski’s death a year ago, our experiments 
had, in our joint opinion, led to the conclusion that 
carotene and vitamin A exist in plasma as protein 
compounds of some kind. Later experiments, in 
the planning of which Dr Mystkowski shared, have 
further supported this conclusion and led to the 


Macfarlane, A. C. (1942). Nature, Lond., 149, 439. 

Palmer, L. S. (1915). J. biol. Chem. 23, 274. 

Padersen, K. O. & Waldenstrom, J. (1937). Hoppe-Seyl. Z. 
245, 152. 

Pett, L. B. & Le Page, G. A. (1940). J. biol. Chem. 132, 585. 

Stewart, C. P. & Hendry, E. B. (1935). Biochem. J. 29, 1683. 

Van den Bergh, H. H. & Miiller, P. (1920). Proc. K. Akad. 
Wet. Amst. 22, 748. 

Wald, G. (1938). J. gen. Physiol. 21, 795. 

Yudkin, S. (1941). Biochem. J. 35, 583. 


suggestions that albumin is the protein concerned, 
and that denaturation affects the stability of the 
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would not have agreed, but the responsibility for 
any errors must, of course, rest with the surviving 
authors. 
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The mould Aspergillus fumigatus Fresenius affords 
several crystalline metabolic products, no less than 
three of which possess high antibacterial activity. 
Anslow & Raistrick (1938a) reported the isolation, 
from cultures of a strain of the organism grown on 
Raulin-Thom medium at 24°, of fumigatin, which 
they showed to be 3-hydroxy-4-methoxy-2:5-tolu- 
quinone. Another strain of the same organism when 
grown under the same cultural conditions produced 
spinulosin, i.e. 6-hydroxy-fumigatin (Anslow & 
Raistrick, 19386), previously reported (Birkinshaw 
& Raistrick, 1931) as a metabolic product of Peni- 
cillium spinulosum Thom. The activity (limiting 
dilution) of fumigatin against Staph. aureus was 
found by Oxford & Raistrick (1942) to be 33,000— 
100,000, whereas that of spinulosin was <6000— 
17,000. 

Chain, Florey, Jennings & Williams (1943) de- 
scribed the isolation from culture filtrates of Asper- 
gillus fumigatus mut. helvola Yuill of an antibiotic 
substance, helvolic acid, with an activity (limiting 
dilution, Staph. aureus) of 80,000—1,280,000. Waks- 
man, Horning & Spencer (1943) had previously 
reported the isolation from culture filtrates of 
Aspergillus fumigatus of a new antibiotic agent, 
fumigacin, which has now been shown by Menzel, 
Wintersteiner & Hoogerheide (1944) to consist of a 
mixture of helvolic acid and gliotoxin. Gliotoxin, 
which had already been isolated from culture fil- 
trates of Gliocladium fimbriatum Gilman & Abbott 
by Weindling & Emerson (1936) and Weindling 
(1937), has an antibacterial activity (limiting dilu- 
tion, Staph. aureus) of 1,000,000 (Dutcher, 1941). 

In a systematic investigation in this laboratory 
of the production of antibiotics by moulds, a freshly 
isolated strain of Aspergillus fumigatus, which 
showed considerable antibacterial activity, was 
examined. Chloroform extraction of the acidified 
culture filtrates gave a highly active extract from 
which a crystalline substance was isolated, agreeing 
in most of its properties with helvolic acid. The only 
marked deviation was in the optical rotation. The 
value of [«]5,) for our product was — 138° (chloro- 
form solvent for all these rotations), whereas for 
helvolic acid the value [«]}” = —49-4° is recorded 
(Chain et al. 1943). However, the value obtained by 


Menzel et al. (1944) for pure fumigacin, which is 
regarded as identical with helvolic acid, was 
[x]? = — 132° + 2°, in good agreement with our own 
figure. Hence our product is identified as helvolic 
acid. On the other hand, our combustion values 
support the formula C3.H4 (44,0, assigned to helvolic 
acid_ by Chain et al. (1943), which is based mainly 
on crystallographic X-ray data (Crowfoot & Low, 
1943), and we consider that the C,, formula put 
forward by Menzel et al. is less probable. 

The greater part of the chloroform extract, al- 
though possessing antibacterial activity at least as 
high as helvolic acid, could not be induced to 
crystallize. It contained N and §, and in view of 
the fact that Menzel et al. obtained and identified 
gliotoxin from their culture filtrate, although they 
were unable to isolate the gliotoxin moiety from 
Waksman’s (impure) fumigacin in crystalline form, 
it seems probable that our fraction containing 
N and § consisted in the main of gliotoxin or closely 
related products of similar antibacterial activity. 

From the barium salts obtainable on evaporation 
of our chloroform-extracted culture filtrate we 
succeeded in isolating small amounts of oxalic acid 
and larger amounts of another acid identified as 
the laevo rotatory form of ethyleneoxide-«f-dicarb- 
oxylie acid. This acid has been previously recorded 
as a mould product, Sakaguchi, Inoue & Tada (1939) 
having isolated it from the culture fluids of Monilia 
formosa n.sp. and Penicillium viniferum n.sp. Al- 
though this product possesses no antibacterial ac- 
tivity it is of considerable interest as an addition 
to the list of metabolic products of Aspergillus 
fumigatus and may eventually throw some light on 
the complex metabolic processes of that organism. 


EXPERIMENTAL 


Culture. The strain of Aspergillus fumigatus Fresenius 
M400 employed was isolated from Beaconsfield soil and 
was identified in this laboratory. 

Cultural conditions. The culture medium used was a 
Czapek-Dox solution of the following composition: glucose, 
50 g.; NaNOg, 2-0 g.; KH,PO,, 1-0 g.; KCl, 0-5 g.; MgSO,. 
7H,0, 0-5 g.; FeSO,.7H,0, 9-01 g.; distilled water, 1000 ml.; 
initial pH, 4:3. The medium was distributed in 350 ml. 
amounts in 1 ]. conical flasks plugged with cotton-wool and 
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sterilized by autoclaving. After sterilization the flasks were 
sown with a spore suspension of A. fumigatus M400 pre- 
pared from cultures grown for 12-14 days on Czapek-Dox 
agar, and were then incubated at 24°. 


At 7 days the mycelium was well grown, thin, 
smooth, and friable with a dark green upper surface, 
the reverse surface being deep brownish green; the 
culture fluid was a pale lemon-yellow. The colour 
of the solution deepens with age, and the surface of 
the mycelium becomes mottled with patches of 
white mycelium. The pH of the solution rises during 
the early stages and falls again with prolonged 
incubation, the pH values at 7, 14 and 21 days being 
respectively 6-5, 7-2 and 4-5. Even after 21 days 
there was still 2% of glucose in the culture solution. 


Isolation and purification of products 


The cultures were harvested after 17-19 days’ 
incubation, when the sugar content of the solution 
had fallen to about half its initial value and the 
solution completely inhibited Staph. aureus at a 
dilution of 1 in 40 to 1 in 80. As the behaviour of all 
batches was similar the method adopted and the 
results obtained for one representative batch will 
be described. 


The culture fluid from 50 flasks was filtered from the 
mycelium and collected after 17 days’ incubation. It had 
the following characteristics: volume 16-151, pH 7-2, 
glucose (by polarimeter) 2-6%, permitted no growth of 
Staph. aureus in 24 hr. at a dilution of 1 in 40, only a trace 
at 1 in 80 when tested by the dilution method. 

The solution was acidified to pH 3-6 by the addition of 
26-4 ml. of cone. H€l, and extracted twice with 2800 ml. 
of chioroform. It was necessary to centrifuge the mixture 
to effect complete separation since a small amount of dark- 
coloured solid which separated seemed to promote emulsifi- 
cation. All the antibacterial substance was removed by 
this extraction since the extracted liquor after neutraliza- 
tion permitted growth of the test organism at 1 in 2. The 
chloroform extract was evaporated in vacuo, affording a 
yellowish friable solidified gum of weight 3-97 g. with anti- 
bacterial activity of 1 in 80,000. 

Examination of chloroform extract. Isolation of helvolic 
acid. The crude chloroform extract dissolved in 400 ml. of 
chloroform to give a brownish red solution. This was passed 
through a column of acid-washed Al,O, and washed through 
with a further 400 ml. .of chloroform. Little adsorption 
occurred; the resulting solution was, however, pure yellow, 
with no red tinge. On removal of solvent in vacuo, 3-04 g. 
of a yellow friable dried froth were obtained of activity 
1 in 160,000. This was dissolved in 100 ml. of ethanol at 
30-40° and treated with 100 ml. of water at the same 
temperature. On cooling, 0-12g. of colourless crystals 
(needles) was obtained of m.p. 218°. By two recrystalliza- 
tions from ethanol the melting-point was raised to 226° 
(temperature taken up quickly from bath at 210°) or 220° 
(temperature raised slowly from room temperature). Chain 
et al. (1943) record the melting-point of helvolic acid as 212°; 
Menzel et al. (1944) give 215-220°. The substance had an 
antibacterial activity (Staph. aureus) of 1 in 160,000 and 
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agreed in properties (except optical rotation) with helvolic 
acid as described by Chain et al. (1943). (Found, after 
drying at 100° in high vacuum: C, 69-20; H, 7-85%; mol. 
wt. (Rast) 533. C,,H,,0, requires C, 69-02; H, 7-97%; 
mol. wt. 556-7. C,,H,.O, requires C, 69-28; H, 7-63%; 
mol. wt. 554-7.) [c]}§;, = — 167° in chloroform (c=2-37% 
w/w). [a]}$59 = — 138° in chloroform (c=2-37% w/w). This 
value for [«] differs from that recorded by Chain ef al. 
(1943), but is in fair agreement with the figure of Menzel 
et al. (1944). 


For further confirmation the methyl derivative 
was prepared by means of diazomethane. The sub- 
stance dissolved in CHCl, was treated with an excess 
of diazomethane in ether, and after 4 hr. the solvent 
was removed in vacuum. After recrystallization 
from methanol the product had m.p. 262°. The 
melting-point figures recorded by Chain e¢ al. (1943) 
and Menzel et al. (1944) are respectively 261 and 
260-261°. (Found, after drying at 100° in high 
vacuum: C, 70-18; H, 8-11; OCH,, 65%. C3,;H4,0, 
requires C, 69-44; H, 8-13; OCH,, 5-44%. C33;H,,0, 
requires C, 69-69; H, 7-80; OCH;, 5-46%.) 

The chloroform-soluble residue, after crystalliza- 
tion of the helvolic acid, consisted of non-crystalline 
material of high antibacterial titre (1 in 160,000). 
All attempts to induce crystallization failed, but in 
view of the fact that it contained N and 8 and of 
the findings of Menzel et al. (1944), who were able 
to isolate gliotoxin from short-period cultures of 
Aspergillus fumigatus, it is probable that the ma- 
terial contained gliotoxin or closely related products 
possessing the activity of gliotoxin. 

Treatment of the chloroform-extracted liquor. Isola- 
tion of ethylene oxide-«B-dicarboxylic acid and oxalic 
acid. The chloroform-extracted culture filtrate was 
restored to approximate neutrality by the addition 
of 40 ml. of 20% NaOH giving a pH of 6-9. The 
solution was treated with 50g. of barium acetate 
dissolved in 200 ml. of water. The slight precipitate 
obtained on keeping overnight was filtered off 
(wt. 1-75 g.). 

The solution was evaporated in vacuo, the pre- 
cipitate of the barium salts which was produced 
being removed from time to tirae. When evaporation 
was stopped the volume of the concentrate and 
washings was 650ml. The barium salts weighed 
41-5 g. The filtrate gave no precipitate with barium 
acetate. 

On treating the barium salts with 100 ml. (i.e. an 
excess) of 2N-HCIl, the bulk, but not all, dissolved. 
The solution with the undissolved solid was now 
extracted with ether in a continuous extractor. The 
partly crystalline residue, after removal of the ether, 
was collected in several fractions. The crystals were 
filtered off and well washed with ether. The total 
weight of crystals obtained was about 9 g., the m.p. 
ranged from 176° for the first fraction to about 
140—150° for the latest fraction. The later fractions 
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and the mother liquor were found to contain oxalic 
acid. This was removed by dissolving in water, 
neutralizing, and adding a solution of calcium 
acetate. The calcium oxalate was filtered off and 
the oxalic acid isolated and positively identified by 
melting-point and mixed melting-point determina- 
tion. 

The filtrate from the calcium oxalate was re- 
acidified and extracted, yielding further crystals. 
The main crystalline product was recrystallized 
from ethyl acetate-petrol ; melting-point thus raised 
to 186° (slight decomposition), colourless bipyra- 
midal crystals, yield 4-1 g. (Found on sublimed 
sample C, 36-10; H, 307%. N, 8S, halogen, absent. 
Mol. wt. (Rast), 143, 135. Equivalent by titration 
67-2. C,H,O; requires C, 36-38; H, 3-05 %; mol. wt. 
132; equivalent (dibasic), 66-0.) The acid was opti- 
cally active, [a]}§, = —119-3°, [a]}85)= —105-1° in 
10 % aqueous solution. It formed a sparingly soluble 
crystalline barium salt and had similar properties 
to the ethylene oxide-«8-dicarboxylic acid isolated 
by Sakaguchi e¢ al. (1939) from the metabolic pro- 
ducts of Monilia formosa n.sp. and Penicillium vivi- 
ferum n.sp. This acid had [«]?’=—100-6°. Our 
melting-point is somewhat higher than that re- 
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corded by Sakaguchi e¢ al. (1939) and by Kuhn & 
Zell (1937), which was 180°, but this may depend 
on the rate of heating. 

For further confirmation our acid was converted 
into the l-rotatory chloromalic acid by means of 
HCl in ether. After crystallization from ether-light 
petroleum the product had m.p. 173° but showed 
definite signs of softening at 166°. Sakaguchi e¢ al. 
and Kuhn & Zell give the melting-point of the 
chloro acid as 166°. (Found: Cl, 20-91%; C,H,;0,Cl 
requires C, 21-04%.) The optical rotation was 
determined in ethyl acetate. Found: [«]}§, 
= —36-4°, [x]}.= —31-6° (c=0-92% by wt.). 
Sakaguchi et al. record the rotation as [«]}*° = — 31-5° 
in ethyl acetate. 


SUMMARY 


1. The metabolic products of an authentic strain 
of Aspergillus fumigatus Fresenius, grown on 
Czapek-Dox glucose solution, were investigated. 

2. The antibiotic, helvolic acid, was isolated, 
together with considerable amounts of ethylene 
oxide-xB-dicarboxylic acid and small amounts of 
oxalic acid. 
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The Quantitative Estimation in Urine of a Base Closely Allied to 
l-Nicotine, and the Absence of Alteration in Output 
when the Diet is Changed 


By MARY F. LOCKETT (Beit Memorial Fellow for Medical Research), 
Pharmacology Laboratory, Cambridge 


(Received 21 October 1944) 


In a previous paper (Lockett, 19446), a base was 
isolated from human urine, both of smokers and 
non-smokers, and was identified in final form as 
I-nicotine. Evidence was presented that the original 
unstable form of the base differed from /-nicotine. 
A similar base was detected in the urine of dogs; 


solutions of this base and of J-nicotine, both as the 
hydrochlorides, which gave identical ultra-violet 
absorption spectra, were found to have identical 
pressor activity when injected intravenously into 
a cat under chloralose anaesthesia. No evidence as 
to the physiological significance of this base has yet 
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been obtained. A search for it in 17 tissues proved 
negative, but the quantities of material worked up 
were such that only a large store of the base could 
have been detected. It has already been shown 
(Lockett, 19446) that the base is excreted by dogs 
that are receiving none of this base in the diet: it 
must therefore be synthesized by the animal, but 
this does not rule out the possibility that the amount 
excreted might be dependent upon some precursor 
in the diet. Such an explanation must, however, be 
considered improbable, for the accumulation of 
animal metabolic products is necessarily normally 
non-toxic in its extent, and a base having an activity 
at least as great as one-fifth that of adrenaline is far 
from inert. It was therefore decided as a preliminary 
step to discover whether the amount of the base 
excreted in the urine was altered by a drastic change 
in diet. For this purpose, a quantitative method 
for the estimation of the base in urine was worked 
out, and dogs were selected as subjects for the 
experiment on controlled and differing diets, the 
advantages being first that no exogenous source of 
nicotine would occur from unauthorized smoking, 
and second, that the diet and collection of urine 
could be completely supervised. The dogs were 
under the care of Dr E. B. Verney. 


METHODS 


Ten bitches took part in the experiment, which lasted 
15 days. On the first day the biscuit diet was begun; on 
the fourth day the dogs were put into metabolism cages, 
and thereafter the urine for the preceding 24 hr. was col- 
lected. When necessary the dogs were catheterized in order 
that a quantitative collection of urine should be made. 
Each day the dogs, after they had urinated, were put out 
on the roof under supervision whilst their cages were 
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cleaned, and were immediately returned to their cages. The 
dogs were taken out of their cages and were fed the pre- 
scribed diet one at a time, under supervision, between 3.30 
and 4.30 p.m. Immediately each had finished its meal, it 
was returned to its cage. The biscuits used were those 
described previously (Lockett, 19445). These biscuits 
(104 oz.) were found to contain none of the base A. A total 
of 82 oz. of the biscuits was fed to the dogs on each of the 
first 7 days; from the eighth to the fifteenth day, a total of 
63 oz. of meat was fed daily. The meat used for the whole 
period of this experiment was minced, mixed well, and 
2 lb. were used for control extractions; the rest was stored 
in the ice-chest, and was fed according to plan. 

The quantitative extraction of the base from urine. Earlier 
work (Lockett, 1944 a, b) showed that the base A was not 
precipitated by basic lead acetate solution; was adsorbed 
by blood charcoal from which it could be eluted by dilute 
acid; and was very readily extracted by ether or by chloro- 
form from alkaline solution, passing with great rapidity 
from such extracts to dilute aqueous acid. Obviously the 
fewer manipulations required, the less the danger of loss 
of the base during quantitative extraction. The aim was 
to obtain a solution of the base suitable for its quantitative 
estimation by means of its absorption in the ultra-violet. 
The method finally adopted is described in scheme 1, as it 
was used for the dog urine. The mixed urine from the 
10 dogs for the preceding 24 hr., of total volume varying 
from 1-5 to 2-01., and of sp.gr. 1-033—1-042, was filtered 
through muslin and was then worked according to scheme 1. 
Quantitative estimations of the output of the base were 
made on the urine obtained on each of the last 4 days of 
the biscuit diet, the first 4 days, and the last day of the 
meat diet. 

Treatment of the control solutions. The control solutions 
were designed to show whether or not loss of the base had 
occurred at any stage during its quantitative extraction 
from the urine. A final repetition was made of each stage 
as a control, and the resulting solutions were numbered 
according to the stage they controlled (see scheme 1). The 
control solutions derived from the last 4 days of the biscuit 


Scheme 1. Quantitative extraction of the base from urine 


Urine, approximately 2 1., precipitated by basic lead acetate 


v 


Filtrate, obtained by suction, 24 hr. after precipitation, freed of lead by H,S 


Filtrate concentrated to approximately 300 ml.; neutralized with NaOH, made alkaline with 4 ml. of 10% NaOH/100 ml. 


1 of concentrate 


Extracted four times with 50 ml. of chloroform, shaking 15 min. each time. A fifth extraction, control 1 
| 


¥ . 
First four chloroform extracts combined, shaken three times for 5 min. with 15 ml. of 1-5% HCl; fourth time, control 2 


Aqueous phases combined, chloroform gently boiled out; cooled, neutralized with NaOH 


Three treatments with 0-3 g. blood-charcoal, rocking for 20 min. Fourth treatment control 3, eluted at once 


y 
First 0-9 g. blood-charcoal three times eluted with 15 ml. of 0-6% HCl, boiling and stirring. A fourth eluate, control 4 


First three eluates combined, cooled, neutralized with NaOH; made alkaline with 3 ml. of 10% NaOH; let stand 15 min.; 


filtered 


v 
Extracted three times with 10 ml. ether. Fourth extraction, control 5 





First three ether extracts together shaken with 3 ml. of 1-2% HCl, twice, for 3 min. Third treatment, control 6 


Ether boiled out of the combined acid aqueous phases (6 ml.) in tubes in a water-bath at 90°. Volume brought to 6 ml. 


exactly 
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Scheme 2. Treatment of control solutions 






Controls 1 
Chloroform solution 
1 Controls 2 
20 ml. 0-6% HCl, neutralized, and Boiled to remove chloroform, 
made alkaline with NaOH made alkaline with NaOH 


| 
y 
Extracted with ether; ether extracts dried over anhyd. 


Na,SO, 

1 Controls 3, 4 and 6 
Anhyd. oxalic acid in ether added; centrifuged. Any Made alkaline with NaOH 
deposit dissolved in 10 ml. of water. Made alkaline 
with NaOH | 



















{ 
Extracted with ether 






Controls 5 -> Ether extract shaken with 3-5 ml. of 1:2% 
HCl, and ether removed in a water-bath 
at 90° 










diet were combined under their respective numbers, Bl (Lockett, 1944a). The results are summarized in 
to B6. Similarly those from the first 4 days of the meat Table 1. From this table it is seen that there is a 
diet were combined as M1 to M6 respectively. The B and 
the M control series were worked up separately as shown 
in scheme 2. 





























The ultra-violet absorption spectra of the solutions. Control 0-6 e—e Day 5 
solutions B1 and B2, M1 and M2, B3 and B4, M3 and M4, +—+ Day 6 
B5 and B6, M5 and M6, respectively, were mixed. The 0:5 o—o Day 7 
ultra-violet absorption spectra of all these solutions, day 5 x—x Day 8 











to day 8 of the biscuit diet, day 1 to day 4, and day 8 of 2 0-4 o=«Gemseiie 
the meat diet, and the control solutions were photographed. “D 
Examination of the meat to determine whether it contained S 
the base A. The 2 1b. of meat reserved for the diet control FP 0:3 
were three times extracted with water at 60-64° for 8 hr., 
straining and pressing out, and reserving the fluid each 0-2 
time. Finally, the meat was four times extracted with 
water for 4 hr. at 90°. The process was carried out con- 0-1 






tinally, and the fluid extracts were stored throughout in 
the ice-chest. The final meat residue on re-stewing and 
being put through the mangle gave only a watery pale 
yellow fluid; this was added to the other extracts, total 
volume 4-61. This fluid collection was worked up by a 
process similar to that shown in scheme 1, the volume of 
the final solution being 6 ml. 













RESULTS 


The meat control solution showed absorption at 
2600A. in the ultra-violet (Fig. 1). It was therefore 
decided to examine this solution for pressor activity 
in a cat, and if it were pressor, to equate its pressor 
action with a solution of J-nicotine hydrochloride, 
and subsequently to compare the ultra-violet ab- 
sorption of the two bases in acid and alkaline solu- 
tions of such strength that the pressor activities 
were equivalent. 

The meat control solution (5-1 ml.) was neutral- 
ized with NaOH, and was brought to 8-0 ml. with 
water. A solution of /-nicotine hydrochloride was 2500 2900 
prepared from the d-tartrate. These solutions were 
compared for pressor activity on a cat weighing Fig. 1. Ultra-violet absorption curves. Daily output of the 
1-9kg., and prepared as previously described base A by the 10 dogs: (a) biscuit diet, (b) meat diet. 







Density 
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Table 1. Blood-pressure responses of a cat, under 
chloralose anaesthesia, to the intravenous injection 
of the control solution, and a solution of 1-nicotine 


hydrochloride 
Blood 
pressure Rise in 
Vol. (base-line —_ blood 
injected in pressure 
Solution (ml.) mm. Hg) (mm. Hg) 
l-Nicotine 1-0 134 16 
1-5 138 19 
Control 2-0 144 5 
(meat extract) 3-0 142 ll 
l-Nicotine 0-75 143 14 
0-6 144 13 
09% NaCl 3-0 144 0 


in o—e Acid 
O——o Alkaline 


Density 


@—e Acid 
Oo—o Alkaline 





2 
2500 2700 2900 
Ain A 
Fig. 2. Ultra-violet absorption curves: (a) l-nicotine solu- 


tion, (6) meat control solution. 


graded response to the varied doses of /-nicotine 
although the pressor responses are small, and that 
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0-6 ml. of the /-nicotine solution was rather more 
active than 3 ml. of the meat control solution. 

The solutions for comparison in the ultra-violet 
were prepared as follows: to 3 ml. of the meat con- 
trol solution as prepared for injection 0-5 ml. of 3% 
HCl was added; to 0-6 ml. of the J-nicotine hydro- 
chloride solution, 2-4 ml. of 0-9% NaCl and 0-5 ml. 
of 3% HCl were added. After each of these solutions 
had been photographed, 3 drops of 40% NaOH 
were added to each and the process repeated. The 
control solutions were correspondingly prepared. 
The ultra-violet absorption curves are shown in 
Fig. 2. The absorption of the /-nicotine acid solution 
is considerably less than that of the meat control 
solution at 2600A., but the curves are roughly of 
the same type. In alkaline solution, whereas the 
absorption at 2600A. is not reduced in the case of 
the meat control and the shape of the curve is 
greatly altered, in the case of /-nicotine the absorp- 
tion at 2600A. is reduced, the curve being but little 
changed. The two bases concerned are evidently 
not identical: whether or not the pressor response 
obtained in the meat control solution is to be attri- 
buted to the base present which absorbs at 2600A. 
can only be determined by the isolation of the base. 
This has not yet been done. 

The results show (Fig. 1) that the output of the 
base A remains very constant, and is independent 
of the change in diet from biscuits to raw meat. 
That this finding is not due to some factor limiting 
the amount of the base extracted by the method 
given is shown by the absence of any absorption 
by the control solutions. 


DISCUSSION 
The results of this experiment clearly indicate that 
the output of the base A in the urine of 10 dogs on 
a controlled diet for 15 days was unaffected by a 
change in diet from biscuits to raw meat, confirming 
also the previous finding that the base A is of 
endogenous origin. 


SUMMARY 


1. A method for the quantitative estimation in 
urine of a substance similar to /-nicotine, and desig- 
nated base A, is described. 

2. It was found that the output of the base A in 
the urine of 10 dogs kept on a controlled diet for 
15 days was unaffected by a change in diet from 
biscuits to raw meat. 
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Evidence has been given (Blaschko, 1942) of the 
occurrence in the liver of some mammals (e.g. the 
dog and the rat) of an enzyme which decarboxylates 
l-cysteic acid. It was shown that prolonged dialysis 
led to the inactivation of the extracts. Since extracts 
inactivated in this way could not be reactivated by 
adding a boiled extract, it seemed possible that the 
dialysis had removed a water-soluble factor. The 
enzymic activity of livers from aneurin-deficient 
rats was therefore studied. These experiments are 
described below. 

Medes & Floyd (1942) have reported experiments 
according to which a cysteic acid decarboxylase 
occurs in the rat’s kidney. They determined the 
amino nitrogen and the amino-acid carboxy] groups 
and found a decrease in the latter and no change in 
the former on incubation of rat’s kidney brei with 
cysteic acid under anaerobic conditions. Using 
the manometric technique, the enzyme was not 
found in the kidney of the dog, the cat or man 
(Blaschko, 1942), and it seemed therefore of interest 
to examine the enzymic activity of rat’s kidney, 
using the manometric technique. 

l-Cysteic acid is the only known substrate of the 
enzyme. In what follows, experiments with homo- 
eysteic acid are described from which it can be seen 
that this substance, although not a substrate, has 
some affinity to the enzyme. 


MATERIALS AND METHODS 


The preparation of the liver extracts and the plan of the 
manometric experiments have been previously described 
(Blaschko, 1942). It was found convenient to use the period 
from the 3 min. reading to the 15 min. reading as a measure 
of enzymic activity, since the rate of formation of CO, 
during this interval was uniform. 

The dl-homocysteic acid was prepared according to Butz 
& Du Vigneaud (1932) from homocystine for which the 
author is indebted to Mr L. J. Goldsworthy of the Dyson 
Perrins Laboratory. All the animals used in the feeding 
experiments were kept in the Dunn Nutritional Laboratory ; 
the author wishes to thank Dr L. J. Harris for the facilities 
offered and Mr A. Ward for looking after the animals. 


RESULTS 


Effect of diet on enzymic activity. When the liver 
extract from aneurin-deficient rats was compared 
with extracts from litter-mates kept on a normal 


Observations on Cysteic Acid Decarboxylase 
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diet, it was found that the liver of the deficient 
animal gave a preparation of greatly reduced de- 
carboxylase activity. A typical experiment is shown 
in Fig. 1. 


pl. CO, liberated 





0 20 4 «960 80 100 120 140 160 
Min. 


Fig. 1. 1-Cysteic acid decarboxylase activities of the liver 
extracts from an aneurin-deficient rat and from its 
normal litter-mate. Total volume: 2-0 ml.; 1-6 ml. liver 
extract +0-4ml. m/100 l-cysteic acid. The arrow 
denotes 1 mol. of CO, per mol. of cysteic acid. 


The low activity of the extracts was not due to 
the absence of either aneurin or cocarboxylase. This 
was shown in an experiment in which liver extracts 
were prepared from two deficient animals; the ex- 
tracts were pooled and the enzymic activity was 
tested: (a) without any addition, (b) after adding 
aneurin to make an initial concentration of 50 g./ 
ml., (c) after adding cocarboxylase to make an 
initial concentration of 50 yg./ml. It was found that 
in all three cases the enzymic activity was the same. 

The dietary lack of aneurin was only indirectly 
responsible for the low decarboxylase activity of 
the extracts. This was shown in experiments in 
which the total food intake of the animals was 
restricted. Of two rats one was given a diet deficient 
in aneurin; the amount of food taken was measured 
each day and on the following day a second rat 
received the same amount of food plus a daily dose 
of 12g. of aneurin. This procedure is similar to that 
used by Lu & Needham (1941). The two animals 
were killed when symptoms of polyneuritis were 
fully developed in the first rat or when its growth 
curve began to decline. Five such pairs of rats were 
examined; the results are given in Table 14. The 
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result may be compared with the figures of Table 1B, 
which gives the activities for normal animals of 
approximately the same age. In the experiments 
shown in Table 18 the amount of liver extract used 
was always 1-6 ml.; in the experiments of Table 14 
the amounts of extract available were somewhat 
smaller and the total volume of fluid in the main 
manometer flask was brought up to 1-6ml. by 
adding m/15 sodium phosphate buffer of pH 7-4. 
In a control experiment it was established that the 
dilution of the extracts did not modify the enzymic 
activity. 
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In the one experiment in which a difference between 
blank and experimental flask was found, extract 
corresponding to 1600 mg. of fresh weight of kidney 
formed 5 yl. CO, in 35 min. If this figure lies outside 
the range of experimental error, which seems 
doubtful, it would correspond to a ‘eysteic acid 
quotient’ of 0-006. This is one-twentieth of the 
average activity previously reported for rat’s liver. 
The data cannot be compared with those of Medes 
& Floyd (1942), as their paper contains no informa- 
tion as to the amounts of tissue used, but it 
seems likely that the enzyme responsible for the 


Table 14. Cysteic acid decarboxylase activity; of aneurin-deficient rats compared with 
that of rats receiving diet equal in amount but containing aneurin 


Rat Liver 
wt. wt. 
(g-) (g-) 
97 3-3 
102 2-2 
86 2-7 
94 2-8 
94 2-9 
122 2-7 
83 3-1 
93 2-7 
88 2-5 
97 2-3 


Aneurin 
in diet 
Absent 
Present 


Absent 
Present 
Absent 
Present 


Absent 
Present 


Absent 
Present 


CO, formed 
cale. for 1-6 ml. 
extract 


Volume of 
extract 
(ml.) 


CO, formed 
3-15 min. 
(ul.) (ul.) 
14-0 22-5 

6-5 10-5 

24-5 30-0 
19-0 23-5 
21-5 31-5 
12-5 
31-5 
21-0 
18-0 
8-0 
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Table 1B. Cysteic acid decarboxylase activity of normal rats 


(In all experiments 1-6 ml. of liver extract were used.) 


Rat wt. 
(g-) 
220 
226 
233 
220 
218 
225 


It can be seen that in all experiments of Table 14 
the enzymic activity was low as compared with 
Table 1s. Previously (Blaschko, 1942) the enzymic 
activity was expressed as the ‘cysteic acid quotient’, 
ie. as the pl. CO, formed/mg. fresh tissue/hr. The 
average figure for this quotient in the normal con- 
trols is 0-15, for the aneurin-deficient animals it is 
0-083, and for the partially starved animals it is 
0-046. The figures for the animals with restricted 
food supply are lower than those of the aneurin- 
deficient animals, but in some of the preliminary 
experiments the activity of extracts from deficient 
animals was equally low. 

Enzymic activity of the normal rat’s kidney. Ex- 
tracts of normal kidney, unlike liver, when incubated 
with /-cysteic acid did not show a measurable forma- 
tion of CO, in excess of the CO, formed in the blanks. 


Liver wt. CO, formed 3-15 min. 
(g-) (ul.) 
9-0 50 
9-4 45 
10-2 59 
9-2 40 
10-4 40 
9-4 57 


loss in carboxyl groups was not present in our 
extracts. 

Experiments with dl-homocysteic acid. Homo- 
cysteic acid, used in a concentration of 2 x 10°, 
did not give rise to any formation of CO,; it was 
tested with extracts of both dog’s and rat’s liver. 
But it seems that the homocysteic acid has an 
affinity to the enzyme: if it was added to an extract 
of dog’s liver together with an equimolecular con- 
centration of l-cysteic acid, it reduced the rate of 
decarboxylation of the latter substance almost to 
one-half. This is shown in the following experiment : 


Total volume: 2-0 ml.; 0-8 ml. dog liver extract. 38°; N,. 
Initial concentration of: 
l-Cysteic acid 2x 10-8m 
dl-Homocysteic acid 4x10-*m 
ul. CO, formed in 30 min. “ 29 


2x10-*u 

















DISCUSSION 


The evidence given above makes it unlikely that 
the low enzymic activity of the extracts from 
aneurin-deficient animals is explained by a co- 
enzyme-like role of aneurin or cocarboxylase. It 
appears more probable that the lack of the vitamin 
exerts its ‘effect indirectly, by reducing the food 
intake of the animals. This interpretation is similar 
to that given by Lu & Needham (1941) of their 
observations on the reduction of the adenylic de- 
aminase activity in the breast muscle of aneurin- 
deficient pigeons. These observations are not with- 
out a more general interest for the understanding 
of metabolic changes during starvation: it is well 
known that the reduction of the weight and com- 
position of different organs in starvation is not 
uniform and it seems as if there is also a sequence 
in the loss of activity of different enzymic systems. 
A general survey of the order in which different 
enzymes of importance for metabolism are reduced 
in activity during starvation has never been 
made. 

The difference between our own results on the 
rat’s kidney and those of Medes & Floyd (1942) has 
not been fully investigated. In the manometric 
experiment no reliable proof of the existence of a 
eysteic acid decarboxylase in the kidney was ob- 
tained, but it is possible that the difference in the 
methods employed may be responsible for our 
negative results. 


Blaschko, H. (1942). Biochem. J. 36, 571. 
Butz, L. W. & Du Vigneaud, V. (1932). J. biol. Chem. 
99, 135. 


Bauernfeind, Sotier & Boruff (1942) reported that 
certain fatty acids stimulated the growth of Lacto- 
bacillus helveticus in the presence of suboptimal 
amounts of riboflavin. Strong & Carpenter (1942) 
confirmed this effect with a number of fatty acids, 
but with linoleic acid they observed that, whereas 
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SUMMARY 


1. Extracts from the liver of rats deficient in 
aneurin showed marked decrease of cysteic acid 
decarboxylase activity. No increase in activity 
occurred after adding aneurin or cocarboxylase 
in vitro. 

2. Feeding experiments suggest that the reduc- 
tion of enzymic activity is due to restricted food 
intake and that the connexion with the aneurin 
deficiency is an indirect one. 

3. No certain evidence of the presence of l-cysteic 
acid decarboxylase in extracts of rat’s kidney has 
been obtained. 

4. dl-Homocysteic acid was not decarboxylated 
by enzyme preparations from the dog or the rat, 
but it reduced the rate of decarboxylation of /- 
eysteic acid. 


This work was begun with the help of a grant from the 
Agricultural Research Council and was completed with a 
grant from the Committee of the Nuffield Scheme for 
Advancement in Medicine in Oxford. 


Addendum added in proof 19 April 1945 


Experiments (in collaboration with Dr Ruth 
Duthie) on enzyme preparations from dog’s liver 
have recently shown that (a) removal of a pre- 
cipitate formed at pH 4-5 does not lead to impair- 
ment of the enzymic activity, and (b) active 
acetone-dried preparations of the enzyme can be 
obtained. 






Lu, G. D. & Needham, D. M. (1941). 
392. 
Medes, G. & Floyd, N. (1942). Biochem. J. 36, 836. 


Biochem. J. 35, 














lower concentrations stimulated the production of 
lactic acid, higher concentrations had an inhibitory 
action. Both groups of workers made their tests 
with the original medium of Snell & Strong (1939), 
which has been used for the microbiological assay 
of riboflavin. It is evident, therefore, that the pre- 
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sence of certain fatty acids in extracts which are 
being assayed for riboflavin by this method may 
interfere with the accuracy of the result. 

The response of L. helveticus towards different 
fatty acids appeared from the above observations 
to be complex, and we therefore decided to study 
the problem. The work has been extended to other 
Gram-positive bacteria, which have been found to 
react similarly to L. helveticus (Kodicek & Worden, 
1944). 


A. THE EFFECT OF UNSATURATED 
FATTY ACIDS ON L. HELVETICUS 


METHODS 


Strain of bacteria. An American strain of L. helveticus 
(from Snell & Strong’s original strain no. 7469) was kindly 
supplied by Dr Barton-Wright. 

Medium. Snell & Strong’s (1939, 1941) riboflavin-free 
medium was modified by the incorporation of xylose, panto- 
thenic acid and nicotinic acid, as suggested by Barton- 
Wright & Booth (1943). This constitutes the ‘unextracted’ 
medium, of which the final composition was therefore: 


Photolyzed peptone* 200 ml. 
Cystine 200 mg. 
Salt solution ‘A’ 10 ml. 
Salt solution ‘ B’ 10 ml. 
Glucose 20 g. 
Xylose 2g. 
Calcium pantothenate 100 ug. 
Nicotinic acid 100 yg. 
Yeast extract (riboflavin-free)* 20 ml. 
Water to 1000 ml. 
Final pH 6-8 


Toluene as preservative 


* Prepared as described by Snell & Strong (1939). 


(Salt solution ‘A’ comprised K,HPO,, 25 g.; KH,PO, 
25g.; water to 250ml. Salt solution ‘B’ comprised 
MgSO,.7H,O, 10g.; NaCl, 0-5g.; FeSO,.7H,O, 0-5 g.; 
MnSO,.4H,0, 0-5 g.; water to 250 ml.) 


Chloroform-extracted medium. For the study of 
the effect of lipids, a fat-free medium was prepared 
by extracting the original liquid medium twice with 
chloroform. It was hoped that the action of lipids 
would be better defined when other lipid material 
had been removed. This ‘extracted’ medium was 
used throughout, although in some instances the 
experiments were duplicated with an unextracted 
medium. 


Stock cultures. Stock cultures of L. helveticus were kept 
at 4°; stab cultures were taken at frequent intervals on to 
yeast-water-glucose agar. 


Preparation of inoculum. A fresh inoculum was 
prepared from the stock culture for each set of 
determinations. 
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In the case of L. helveticus the inoculum was grown for 
24 hr. in 5 ml. of the riboflavin-free medium, to which 
0-5 yg. of riboflavin and saline to a total volume of 10 ml. 
had been added. The 24 hr. bacterial suspension was centri- 
fuged and taken up in 50 ml. of sterile saline. A portion of 
the diluted bacterial suspension was compared nephelo- 
metrically with suitable standards, and if necessary ad- 
justed so as to contain approximately 800 millions of 
bacteria per ml., no variations wider than 20-40% being 
permitted. When necessary, a fresh suspension from spare 
tubes was prepared to contain the required concentration 
of bacteria; 0-5 ml. of this concentration (S) of bacteria 
constituted the standard inoculum. 


This standard procedure was found necessary in 
order to obtain comparative results and to interpret 
the effect of the substances under investigation; it 
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Fig. 1. Effect of different concentrations of inoculum 
(48 hours’ growth). S=standard concentration of bacteria. 


has eventually been adopted for the determination 
of riboflavin in biological materials (Kodicek & 
Worden, unpublished results). 

The results obtained with different concentrations 
of bacteria are shown in Fig. 1. It will be seen that 
whereas concentrations half as strong or twice as 
strong as S did not influence the production of acid, 
a concentration ten times that of S yielded too high 
blanks, due probably to the riboflavin content of 
dead bacteria which could be utilized by fresh 
generations. A concentration 1/100 that of S gave 
poor growth and acid production. 

Test procedure. In order to construct a standard 
reference curve, riboflavin was added to duplicate 
or triplicate tubes, containing 5 ml. of medium, in 
amounts equivalent to 0-03, 0-05, 0-1, 0-3 and 0-5 yg. 
respectively, while blanks not incorporating ribo- 
flavin were put up also. Similar concentrations of 
riboflavin were added to the set of tubes in which 
the effect of the substance under investigation was 
being studied. Saline was added to all tubes to make 
a volume of 9-5 ml., and after being autoclaved for 
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15 min. at 15 lb./sq. in., each tube was inoculated 
with 0-5 ml. of standardized bacterial suspension S. 
The final volume of medium+inoculum was 
10 ml. 

The growth of the organisms was then determined 
by estimating the amount of acid produced during 
incubation for 24, 48 or 72 hr. at 37°, the blank 
tubes also being incubated. The acid was titrated 
directly against 0-1N-NaOH, with bromo-thymol- 
blue as internal indicator (Snell & Strong, 1939). It 
was found that the titration could readily be judged 
by direct visual comparison. 

The results obtained after 24, 48 and 72 hr. incu- 
bation are shown in Fig. 2. There was a graded 
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Fig. 2. Effect of different times of incubation. 
increase of maximal lactic acid production up 
to an equivalent of about 10 ml. of 0-1N-NaOH. 
In our experiments in which various fatty acids 
or other lipids were added, the time of incubation 
influenced the results, as discussed later. For 
assays on biological material we have adopted 
a 72 hr. period of incubation. 


RESULTS 


Pilot experiments with the ‘extracted’ medium 
indicated that the removal of lipids did not appre- 
ciably affect growth or lactic acid production. The 
titration curves obtained were similar to those with 
the unextracted medium, although, in most cases, 
there was a slightly lower production of acid after 
24 or 48 hr. Such differences were equalized after 
72 hr. 

Effect of saturated long-chain fatty acids. Addition 
of 160g. of stearic or palmitic acid to 10 ml. of 
unextracted or of ‘extracted’ medium caused an 
increase in acid production from the first 24 hr. of 
incubation (Fig. 3). Caprylic and caproic acids 
showed little or no effect. 

Inhibiting effect of certain unsaturated long-chain 
fatty acids. Oleic acid, linoleic acid and linolenic 
acid, their sodium salts and methyl esters were used. 
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The acids were prepared from the corresponding methyl 
esters supplied by Prof. T. P. Hilditch, who also provided 
us with the following information: ‘The iodine values of 
methyl oleate were 84-5, of methyl linoleate 173, and of 
methyl] linolenate 256. The methyl linoleate was therefore 
pure (within the limits of experimental error of iodine value 
determination); the methyl linolenate was almost pure and 
the methyl oleate still contained a very small proportion 
of methyl stearate but was probably entirely free from 
linoleate.’ 
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Fig. 3. Effect of stearic acid in ordinary medium 
(48 hours’ incubation). 


Other samples investigated were: oleic acid redistilled 
(The British Drug Houses, Ltd., iodine number 100), 
linoleic acid (Kahlbaum, iodine number 202), and technical 
linoleic acid (The British Drug Houses, Ltd.). The acids 
were added in 75 % ethanol or chloroform to the ‘extracted’ 
medium in amounts ranging from 8 to 160yg./10 ml. of 
final medium. The small amounts of ethanol or chloroform 
had no effect on the bacteria, and were presumably vola- 
tilized during autoclaving. 


Oleic, linoleic and linolenic acids, and also their 
sodium salts, inhibited growth and acid production 
(Table 1). This effect, which was contrary to that of 
stearic and palmitic acids, depended upon: the con- 
centration of bacteria, the amount and nature of 
the acid added, the time of incubation, and the 
presence of other lipids in the medium. The methyl 
esters of oleic, linoleic and linolenic acids were 
without effect. 

When oleic acid or its salts, prepared from the 
methyl ester (iodine number 84-5), was added 
(160yg./10 ml.) to the ‘extracted’ medium, there 
was complete inhibition of growth and acid produc- 
tion over a period of 24 hr., and’a partial inhibition 
for 48 hr.; after 72 hr., however, the acid production 
was almost the same as in control samples without 
added oleic acid. Lower concentrations of oleic acid 
(80 and 40yg./10 ml.) caused a graded response 
during the first 48 hr. of incubation. Oleic acid in 
a concentration of 8yug./10 ml. was without effect. 
When the oleic acid was increased to 320yg./10 ml. 
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of medium, the inhibition of growth lasted for 48 hr. 
and even after 72 hr. there was a partial inhibition 
of growth. Oleic acid was ineffective in the un- 
extracted medium, due to the presence, as was 
ascertained later, of other lipids. 

A much more pronounced effect was obtained with 
linoleic acid or sodium linoleate, which in concentra- 
tions of 160yg./10 ml. inhibited growth completely 
for 72 hr. (and longer) in both the unextracted 
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* Extracted’ medium alone, and + 8 yg. linoleic acid 
“Extracted” medium + 40 pg. linolete acid 


Extracted’ medium + 80 yg linolese acid 


“Extracted ’ medium + 160g. linoleic acid 
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Fig. 4. Effect of different amounts of linoleic acid in 
chloroform-extracted medium (48 hours’ incubation). 


and the ‘extracted’ media. With the ‘extracted’ 
medium, a graded response was demonstrated with 
lesser concentrations of linoleic acid. Thus 80yg./ 
10 ml. inhibited growth completely for 24 hr., and 
inhibited it to a large extent for 48 hr., while 40 yg./ 
10 ml. inhibited growth completely for 24 hr., and 
depressed it for 48 hr. (Fig. 4). A concentration of 
8 ug./10 ml. was without effect. When the inoculum 


*Extracted* medium alone and + 8 yg. linolenate 
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Fig. 5. Effect of different amounts of sodium linolenate 
in chloroform-extracted medium (48 hours’ incubation). 


was reduced from about 400 to about 200 millions 
of bacteria, 80 ug. of linoleic acid per 10 ml. inhibited 


Biochem. 1945, 39 


GROWTH OF LACTOBACILLUS 81 


growth completely for 72 hr. Unlike oleic acid, 
linoleic acid inhibited growth in unextracted me- 
dium and also in glucose broth when added at the 
level of 160yg./100 ml. Similar results were ob- 
tained when less pure oleic and linoleic acids were 
used (iodine number 100 and 202, respectively). 
Solutions of both oleic and linoleic acids lost their 
activity on storage. 

The activity of sodium linolenate was very similar 
to that of linoleic acid and of sodium linoleate 
(Fig. 5). There was a complete inhibition of growth 
and acid production in ‘extracted’ medium in con- 
centrations of 160 and 320yg./10 ml. for 72 hr. A 
concentration of 80yg./10 ml. was more effective 
than linoleic acid in inhibiting growth and acid 
production (completely for 48 hr., and to a great 
extent even for 72 hr.). Sodium linolenate in 
amounts of 40yg., on the other hand, depressed 
growth and acid production only partially for 24 hr., 
and very slightly over a period of 48 hr. In un- 
extracted medium sodium linolenate was as effective 
as sodium linoleate. 


Reversal of the inhibiting effect of 
unsaturated fatty acids 


It was found that the addition of the residue, 
obtained after evaporation in vacuo of the chloro- 
form-extract, reversed the effect of oleic acid in 
‘extracted’ medium. The addition of 160yg. of 
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Riboflavin (ug./10 ml. medium) 


Effect of different amounts of lecithin in presence 
of linoleic acid (72 hours’ incubation). 


lecithin or cholesterol/10 ml. of ‘extracted’ medium 
similarly reversed the effect of 160yg. of oleic or 
linoleic acid, and lesser concentrations of either 
compound were effective against oleic acid. In the 
case of linoleic acid, there was a graded response to 
decreasing concentrations of lecithin (Fig. 6) or of 
cholesterol. 
6 





82 E. KODICEK AND A. N. WORDEN 


Table 1. Effect on acid-production by L. helveticus 
of various compounds added to: (A) ‘extracted’ 
medium; (B) ‘extracted’ medium+linoleic acid 
(160 pq./10mt) Acid production 

(72 hr.) in medium 

Substance added ——" 
(160yug./10 ml.) A B 

Caproic acid 

Caprylic acid 

Palmitic acid 

Stearic acid 

Oleic acid 

Sodium oleate 

Methyl] oleate 

Linoleic acid 

Sodium linoleate 

Methy] linoleate 

Sodium linolenate 

Methyl linolenate 

Lecithin 

Cholesterol 

Lumisterol 

Ergosterol 

Calciferol 

Vitamin A acetate 

Vitamin E 

Vitamin E acetate 

2-Methyl-1:4-naphthoquinone 

Aneurin 

Pyridoxin 

p-Aminobenzoic acid 

Biotin concentrate 

Tnositol 

Choline chloride 

Ascorbic acid 

Glutathione 

Methionine 

Acetylcholine 

Saponin 

Yeast nucleic acid 

Allantoin 

Sodium taurocholate 

3:4-Benzpyrene 

1:2:5:6- Dibenzanthracene 

Methyl cholanthrene 

Butter yellow 

Insulin 

Adrenaline 

Thyroxine 

Oestrone 

Stilboestrol 

Hexoestrol 

Dienoestrol 

Dienoestrol dipropionate 

Diencestrol dibenzoate 

Dihydroxymaleic acid 

Sodium fumarate 

Oxaloacetic acid 

Malic acid 

Calcium chloride (710 yg.) 
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* Inhibition up to 24 hr.; production of acid later 
became normal. 


Effects in medium B show reversal of, or failure to 
reverse, inhibition by linoleic acid. 
+ + =increased production of lactic acid. 
+ =normal production of lactic acid. 
-+ =reduced production of lactic acid. 
0 =no production of lactic acid. 
Blank =not tested. 
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The reversal could be brought about not only by 
simultaneous addition of lecithin or cholesterol but 
also by addition of these compounds after growth 
had already been inhibited by linoleic acid for 48 hr. 
This was shown by adding a sterile suspension of 
lecithin or cholesterol to the 48 hr. cultures con- 
taining 160g. of linoleic acid/10 ml. and the usual 
concentrations of riboflavin. Growth subsequently 
occurred, indicating that the effect of linoleic acid 
was bacteriostatic rather than bactericidal. 

Both lecithin and cholesterol are surface-active, 
and the study was therefore extended to other 
surface-active substances and other compounds. 
The substances studied, with the effects obtained, 
are recorded in Table 1. 

The inhibitory effect of linoleic acid was reversed 
not only by lecithin and cholesterol (and to a limited 
extent by stearic acid), but also by lumisterol, calci- 
ferol (but not ergosterol), «-tocopherol and «-toco- 
pherol acetate. Dihydroxymaleic acid, sodium fu- 
marate, oxaloacetic acid and malic acid produced a 
certain degree of reversal, but to a much less extent 
than the first-mentioned compounds. Dihydroxy- 
maleic acid, oxaloacetic acid and sodium fumarate, 
with one double bond, did not show the same 
bacteriostatic effect as the long-chain unsaturated 
fatty acids. Calcium chloride in a concentration of 
710yg./10 ml. likewise reversed almost completely 
the inhibitory action of linoleic acid in ‘extracted’ 
medium. 

The acid production by L. helveticus, with or 
without added linoleic acid, was not affected by a 
number of other compounds tested (see Table 1). 
Butter-yellow (dimethylazobenzene) was of interest 
in view of its connexion with linoleic acid during 
destructive oxidation (Gyérgy & Tomarelli, 1943) 
but was inactive. Oestrone in a concentration of 
160 yg./10 ml. showed some reversing effect, but 
only in slight degree and only on the third day of 
incubation. 


The bacteriostatic effect of synthetic oestrogens 


In confirmation of the observations of Faulkner 
(1943) and Brownlee, Copp, Duffin & Tonkin (1943) 
on other Gram-positive bacteria, we found that 
both diethyl stilboestrol and hexoestrol, in amounts 
of 160yg./10 ml., inhibited the growth of L. helve- 
ticus. The action of these compounds could not be 
reversed by the addition of lecithin or cholesterol. 
Dienoestrol (4:4-dihydroxy-y:5-diphenyl-8:5-hexa- 
diene) was also inhibitory. Its dibenzoate and 
dipropionate esters did not stop growth, which 
indicates the importance of the two hydroxyl 
groups for the inhibition. 
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B. THE EFFECT OF UNSATURATED 
FATTY ACIDS ON OTHER BACTERIA 


So far as possible, the methods adopted were iden- 
tical with those described for L. helveticus. 


Strains of bacteria. These were obtained from, and 
classified by, Dr Marjory Stephenson or our colleagues at 
the Institute of Animal Pathology, Cambridge. 

Stock cultures were maintained on ordinary laboratory 
media, and were usually transferred to yeast-water glucose 
agar before use. 


With Streptococcus agalactiae, Staphylococcus 
albus, Bacillus anthracis, Listeria monocytogenes and 
Erysipelothrix rhusiopathiae, linoleic acid exerted an 
inhibitory effect similar to that in the case of 
L. helveticus. The effect was not constant in the case 
of diphtheroid organisms. With Gram-negative bac- 
teria (Esch. coli, Proteus vulgaris), linoleic acid was 
without inhibitory effect (Table 2). 


GROWTH OF LACTOBACILLUS 83 


depression of growth was obtained only after the 
addition of at least 320yg. of linoleic acid/10 ml. 
of medium (Table 2). 


DISCUSSION 


Linolenic acid, linoleic acid, and to a lesser degree 
oleic acid, exert an inhibitory effect on the growth 
and acid-production of L. helveticus and other Gram- 
positive bacteria. The effect is similar to that re- 
ported by Strong & Carpenter (1942) with linoleic 
acid, and is of a bacteriostatic nature, since it can 
be reversed after as long as 48 hr. by the addition 
of lecithin or cholesterol. Baker, Harrison & Miller 
(1941) noted that phospholipids could reverse the 
inhibitory effect of synthetic detergents, but in their 
experiments the reversal could be effected only when 
the phospholipid was added prior to, or simul- 
taneously with, the detergent. The effect of linolenic 
seems to be greater than that of linoleic acid. The 


Table 2. Effect of linoleic acid on various micro-organisms 


(All quantities 160,g./10 ml. medium, unless otherwise stated) 


Strep. agalactiae 
Ordinary medium 
Ordinary medium + linoleic acid 
Ordinary medium + linoleic acid + cholesterol 
‘Extracted’ medium 
‘Extracted’ medium + stearic acid 
‘Extracted’ medium + lecithin 
‘Extracted’ medium + cholesterol 
‘Extracted’ medium + linoleic acid 
‘Extracted’ medium + linoleic acid (80 ug.) 
‘Extracted’ medinm + linoleic acid (40 ug.) 
‘Extracted’ medium + linoleic acid + lecithin 


‘Extracted’ medium + linoleic acid + cholesterol 
‘Extracted’ medium + linoleic acid (80ug.) + cholesterol 
‘Extracted’ medium +linoleic acid (40 ug.) + cholesterol 


Staph. albus 
Ordinary medium 
Ordinary medium + linoleic acid (320 yg.) 
‘Extracted’ medium 
‘ Extracted” medium + linoleic acid 
‘Extracted’ medium + linoleic acid (320yg.) 


‘Extracted’ medium + linoleic acid (320 yg.) + cholesterol 


Esch. coli 

‘Extracted’ medium 

‘Extracted’ medium + linoleic acid 
Proteus vulgaris 


‘Extracted’ medium 
‘Extracted’ medium + linoleic acid 


0-1 N-acid formed 





Extinction* (72 hr.) 
-- 1-7 
— 0 

0 
2-2 1-4 
2-4 15 
2-7 1-6 
EA 16 
0-3 0 
~- 0 
~- 1-8 
a= 0 
== 0 
— 0-7 
_- 2-0 
3-0 3-4 
— 1-5 
2-4 3-5 
2-2 1-9 
— 1-5 
a 2-5 
1-8 1-2 
2-4 3-1 
1-5 1-0 
2-0 1-9 


Definite inhibitory effect with B. anthracis, Listeria monocytogenes, Erysipelothrix rhusiopathiae; doubtful effect with 


diphtheroids. 
* Extinction =readings on step-photometer. 


The effect of linoleic acid on Strep. agalactiae was 
marked, and could be reversed by the addition of 
cholesterol only in the case of lower concentrations 
of acid. Staphylococcus albus (field and laboratory 
strains) appeared less sensitive, and a significant 


—=not tested. 


inhibitory influence appears to be correlated with 
the degree of unsaturation, but the methyl esters 
of these acids exert no inhibitory action. 

There are at least two possible explanations of 
the inhibitory action of the unsaturated fatty acids. 


6-2 
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First, it may be a direct chemical action upon the 
metabolism of the bacteria, or upon the availability 
of some metabolite present in the medium, although 
we have no evidence of this. The effect has been 
limited to fatty acids with unsaturated double 
bonds. The possibility has to be considered that the 
inhibitory action of linoleic and linolenic acids is in 
some way connected with the fact that H,O, is 
being formed in increasing amounts, or is not being 
removed from the medium (Birkinshaw & Raistrick, 
1943). We have, however, found no evidence of H,O, 
formation in either the unextracted or ‘extracted’ 
medium, or in the presence of linoleic acid, or 
linoleic acid + lecithin. 

A second possible explanation postulates a physi- 
cochemical mechanism. If the unsaturated fatty 
acid were to form a monolayer around the bacteria 
it might exert its effect in at least three different 
ways, viz. (a) by changing the permeability of the 
adjacent surfaces, or (b) by exerting some chemical 
influence, or (c) by altering the surface tension and 
so interfering with bacterial division. The nature of 
the monolayer formed by an unsaturated fatty acid 
is different from that of the monolayer formed by 
a saturated fatty acid (Adam, 1941). Molecules of 
unsaturated fatty acids tend to arrange themselves 
with bends at the double bonds, while saturated 
fatty acid molecules tend to lie as parallel straight 
chains. The surface area covered by a monolayer of 
160 yg. of linoleic acid is of the order of 1-75 x 10%”, 
while the approximate surface area of the lacto- 
bacilli in 0-5 ml. of inoculum is of the order of 
3-3 x 10!°,?, taking 400 millions/ml. as the average 
concentration. The linoleic acid added would there- 
fore be sufficient to form about five monolayers on 
the area available. These calculations, therefore, do 
not exclude the possible formation of monolayers 
by the linoleic acid. The more pronounced effect of 
linolenic acid would be in keeping with this theory, 
because of the influence of the increased number of 
double bonds. On the other hand, methyl esters 
would differ in their adsorption properties and this 
might explain their ineffectiveness. 

Apart from this indirect evidence, there is the 
fact that at least four of the compounds capable of 
reversing the inhibitory action of linoleic acid are 
surface-active. The effect of these compounds (leci- 
thin, cholesterol, lumisterol and calciferol) could be 
explained by the fact that they could form com- 
plexes with linoleic acid, which would thus be re- 
moved from its original close contact with the bac- 
terial surfaces. The ineffectiveness of ergosterol is 
also in keeping with the physico-chemical hypo- 
thesis, since this compound forms solid surface 
layers in which the molecular packing may be too 
close for complex formation with linoleic acid to 
occur. The ineffectiveness of saponin and sodium 
taurocholate may be due to lack of micelle formation 
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by these substances in the dilution employed. The 
activity of «-tocopherol and its acetate may reason- 
ably be explained by a general similarity between 
the surface properties of cholesterol and the toco- 
pherols (Askew, 1935; Moss, Cuthbertson, Danielli 
& Drummond, 1938). 

The bacteriostatic action of linoleic and linolenic 
acids is of interest since linoleic acid is regarded as 
an unsaturated acid essential in the nutrition of 
higher animals. 

The fact that the inhibitory action of linoleic acid 
is limited to Gram-positive organisms is interesting; 
most potent chemotherapeutic agents are similarly 
more active against Gram-positive bacteria. 

With regard to the microbiological assay of ribo- 
flavin, our experiments allow of the following con- 
clusions: (a) that removal of lipids by a fat-solvent, 
preferably chloroform, is essential for increasing the 
specificity of the assay ; (b) that a standard inoculum 
of known concentration is an advantage, as it 
obviates the high blanks which result from the use 
of too heavy an inoculum; (c) that incubation for 
72 hr. rather than for a shorter period tends to 
minimize differences due to the presence of un- 
specific interfering substances such as oleic acid. 


SUMMARY 


1. Oleic, linoleic and linolenic acids can cause 
complete inhibition of the growth and lactic acid 
production of L. helveticus. The extent.of this inhi- 
bition depends on the concentration of bacteria, 
the time of incubation, the amount and nature of 
the fatty acid added, the presence of other lipids in 
the medium. Linoleic and linolenic acids exhibit 
this effect when added to an unextracted medium 
of the type used for the microbiological assay of 
riboflavin. Methyl esters of these acids do not show 
this inhibition. 

2. Lecithin, cholesterol, calciferol (but not ergo- 
sterol), lumisterol, «-tocopherol and «-tocopherol 
acetate all reverse this inhibition. The fact that the 
reversal can be brought about by lecithin or chole- 
sterol after inhibition for 48 hr. by linoleic acid 
indicates that the action is bacteriostatic. Calcium 
chloride reversed almost completely the inhibitory 
action of linoleic acid. 

3. Possible mechanisms of the inhibitory action 
are discussed, and it is suggested that the evidence 
points to a physico-chemical interpretation. 

4. The inhibitory action of linoleic acid was de- 
monstrated in the case of certain other Gram- 
positive bacteria but not in the case of the Gram- 
negative Proteus vulgaris and Esch. coli. 

5. For the microbiological assay of riboflavin it 
is recommended that a standard inoculum be em- 
ployed, that incubation be of 72 hr. duration, and 
that the material under test be extracted with 
chloroform. 
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6. The inhibitory effect, upon Gram-positive 
bacteria, of diethyl stilboestrol and hexoestrol has 
been confirmed but was not reversed by lecithin or 
cholesterol. Dienoestrol is also inhibitory, but its 
dibenzoate and dipropionate esters are not. 


We wish to thank Dr Marjory Stephenson and Dr J. F. 
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Antibacterial Substances Related to Pantothenic Acid 
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It has already been shown that pantoyltaurine 
(Snell, 1941; MclIlwain, 1939a,6; MclIlwain & 
Hawking, 1943) and other pantothenic acid deri- 
vatives (Barnett & Robinson, 1942; McIlwain, 1942) 
are in vitro antibacterial substances whose action 
can be antagonized by increasing the amount of 
pantothenic acid present in the medium. Further, 
it has been possible to demonstrate a therapeutic 
activity in rats infected with streptococci (McIlwain 
& Hawking, 1943) by administering large and fre- 
quent doses of pantoyltaurine. The rat was chosen 
because the level of circulating pantothenic acid 
was low enough for an effect of pantoyltaurine to 
be demonstrable with this animal; in mice the level 
was too high. The massive dosing was necessary to 
offset the rapid elimination of the drug from the 
blood stream and thus provide a concentration 
sufficient to antagonize the high level of pantothenic 
acid normally found in blood plasma. It is possible 
that the presence of the sulphonic acid group in 
pantoyltaurine was the cause of the rapid clearance 
rate and that a more favourable therapeutic effect 
might be obtainable if this group were replaced by 
a neutral or basic residue, retaining where possible 


the B-aminoethyl configuration of the parent panto- 
thenic acid. Recently Barnett (1944) has described 
certain N-pantoyl-§-aminoethylthiol, sulphoxide 
and sulphone compounds in which the sulphonic 
acid group of pantoyltaurine is replaced by other 
sulphur-containing groupings such as —S—, —SO— 
and —SO,—, but although the substances inhibited 
the growth of Lactobacillus arabinosus, in vitro, and 
this effect was reversed by pantothenic acid, it was 
not possible to obtain any action in rats infected 
with Streptococcus pyogenes. 

The present inv estigation was undertaken with 
the object of preparing and examining further 
examples of pantamides in the expectation that 
substances of some therapeutic value might result. 
The substances I-XI in Table 1, collectively re- 
ferred to as paritamides, were made and tested. 

The reference inhibitor used was pantoyltaurine: 
P—NH—CH,—CH,SO,Na (see Table 1). Other 
substances, such as hydrazine, phenylhydrazine, 
salicylhydrazide, salicylic acid, quinine and mepa- 
crine, were included in the biological tests in order 
to determine by comparison whether the antibac- 
terial activity of some of the substances enumerated 








86 


above was due to a specific antagonism of panto- 
thenic acid or to the presence in the molecule of 
other toxophore groups. 


EXPERIMENTAL 


Action of pantothenic acid on the bacteriostatic 
effect of pantamides 


We are indebted to Dr F. C. Happold of Leeds 
University for the strain of Lactobacillus casei « 
(LZ. helveticus) used in this work. The assay medium 
was prepared as described by Strong, Feeney & 
Earle (1941), but Evans’s peptone (Evans Sons, 
Lescher and Webb Ltd.) was substituted for Bacto- 
peptone and the treated Difco Labco yeast was re- 
placed by Marmite similarly treated. The strain of 
LL. casei « was maintained and the inoculum prepared 
by the method described by these authors. 
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Two media were prepared by taking 1 vol. of 


double-strength medium and adding in each case 
0-5 vol. of dl-pantothenic acid solution of such a 
concentration that the final media contained 2-5 
and 0-025,yg./ml., respectively, of dl-pantothenic 
acid. After autoclaving, both media were bulk- 
inoculated with 0-2 ml./100 ml. of a 24 hr. old 
culture of LD. casei e. 

In two parallel series of small tubes were placed 
0-5 ml. of suitable dilutions (usually two-fold) of the 
compound under assay. To one series the bulk- 
inoculated medium (1-5 ml.) containing 2-5 yg./ml. 
pantothenic acid was added and to the other the 
same volume of the medium containing 0-025 yg./ml. 
After 18—24 hr. incubation at 37° the highest con- 
centration of drug (in mg./ml.) just permitting 
growth of L. casei « at each of the two concentrations 
of pantothenic acid was recorded (Table 1). The 
growth was determined by visual comparison. 


Table 1. Antibacterial activity of pantamides on L. casei « and Strep. pyogenes 


dl-Na pantothenate added to medium (yg./ml.): 


L. casei € 
Strep. pyogenes 
2-5 0-025 Nil 


Highest concentration of drug (mg./ml.) 
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Table 1 (cont.). 
L. casei € 
= —— Strep. pyogenes 
dl-Na pantothenate added to medium (yg./ml.): 2-5 0-025 Nil 


Compound 
no. 


IX 


XII 


XIII 


XIV 


XVI 
XVII 


4a eae 


~, 
hale 
er ™ 
P—NH—(CH,),80,€ \- 


Ee 
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pun’ \ocH, 


adc 
NH,—NH, 


ee 
oO Pie ae es 


Nee 
‘OH 
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NS 
VA ‘\ COOH 


| | 
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Mepacrine (Atebrine) 


CONH—NH, 


CH, 
l 


‘ 


OCH, 


Highest concentration of drug (mg./ml.) 
which will just permit growth 


cr 


1-25 


a 


0-04 





* P=dl-HO—CH,—C—CHOH—CO— =pantoy] residue. 


| 
CH, 


0-16 


0-04 


0-16 


0-16 


0-16 


1-25 


0-6 
0-04 


A$$ 


0-01 


0-01 


0-01 


Table 2. Antagonism of pant-hydrazide and pantothenic acid with L. casei « as test organism 


Concentration of 
pant-hydrazide (II) 


(mg./ml.) 


12-5 


Concentration of dl-sodium pantothenate (yg./ml.) 
AW 





= 
1 0-33 0-11 0-04 0-01 0-004 0-001 Nil 
tr. tr. - - - ~ ~ = 
tr. tr. - - - - ~ ~ 
se - tr. ~ = - ~ 
= = tr. = - _ i = 
4. fe a _ _ a om a 
++ + + tr. - - - - 
+ + + + + tr. tr. tr. tr. tr. 
++ + + + “rc tr. tr. tr. 
++ + + ++ + + “E ca + 


— =no growth. 


tr. =trace growth. 


+ + =full growth. 
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In order to demonstrate the specific nature of 
the antagonism, quinine, mepacrine, salicylic acid, 
hydrazine, salicylhydrazide and phenylhydrazine 
were also included. The hydrazides were included 
on account of the outstanding properties of pant- 
hydrazide (II) as a pantothenic acid antagonist. In 
view of this remarkably high activity a more detailed 
experiment was carried out with this substance in 
which a series of concentrations of pantothenic acid 
was used (Table 2). 





Bacteriostatic action of pantamides on 
Streptococcus pyogenes 


(a) In vitro experiments. We are indebted to Dr 
H. MclIlwain of Sheffield University for the culture 
of Strep. pyogenes, ‘Richards’ strain, used by us for 
this examination. The medium employed for the 
in vitro examination was a slight modification of 
that used by MclIlwain (1939 a, b). The following 
components of his ‘mixture A’—pimelic acid, uracil, 
cytosine, thymine, guanine and riboflavin—were 
omitted and to the completed medium 0-2 % peptone 
was added. Without the latter, growth of the 
organism almost always failed. The drug dilutions 
to be examined were placed in sterile tubes in 1 ml. 
volumes. To each tube were added 9 ml. of a pre- 
viously prepared mixture of basal solution, supple- 
ments and inoculum (in the correct proportions). 
In this way 10 ml. of medium, sown with the test 
organism and containing a known amount of drug, 
were obtained. After incubation at 37° for 24 hr. 
the tubes were examined for growth; the results are 
given in Table 1. 

(6) In vivo experiments. The in vivo action of 
compounds IT, VIII, IX and XI was examined in 
rats infected intraperitoneally with 0-2 ml. of a 
1 : 10,000 dilution of an 18 hr. blood-broth culture 
of Strep. pyogenes, ‘Richards’. The drugs were ad- 
ministered subcutaneously. 

With compound IX given in doses of 75 mg./100 g. 
rat at 0, 3, 6, 9, 24, 27, 30, 39 hr. after infection, a 
definite but slight therapeutic effect, as measured 
by the survival time, was obtained, although much 
less than that produced by pantoyltaurine in the 
same experiment. Compounds VIII and XT failed 
to show any therapeutic effect when administered 
in the highest tolerated doses (25 mg./100 g. rat, 
administered subcutaneously at 0, 33, 54 and 12 hr. 
after infection) ; compound II was likewise ineffective 
in doses of 100 mg./100 g. rat. 


Methods of preparation of compounds used 


The general method of synthesis adopted for the 
compounds described was to fuse the pantoyl- 
lactone with an equivalent amount of the appro- 
priate amine or of the sodium salt of the amino-acid. 
This, however, was found to be applicable only in 
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the case of aliphatic or alicyclic amines. Aromatic 
amines did not appear to be sufficiently reactive, 
and to acylate them with the pantoyl residue it was 
necessary to proceed via reaction with diacetyl 
pantoyl chloride and subsequent hydrolysis of the 
resulting diacetyl derivative. 

Some of the compounds were hygroscopic viscous 
oils or glassy solids, which could not easily be ob- 
tained in a form suitable for analysis. Routine 
analysis would not be an indication of condensation. 
In such cases physical and chemical properties were 
used to confirm that condensation had occurred. 
All melting points are uncorrected. 


dl-Pantamide (1). dl-Pantolactone (2 g.) was added to 
dry methanol (60 ml.) saturated with ammonia at 0°. After 
standing 5 hr. at this temperature and 18 hr. at room 
temperature the methanol was removed under reduced 
pressure at room temperature. The crystalline residue was 
recrystallized from acetone. The amide separated in small 
colourless prisms (1-4 g.), m.p. 127—128°. (Found: C, 48-9; 
H, 8-45; N, 10-0. Cale. for C,H,,0,N: C, 49-0; H, 8-8; 
N, 95%.) 

dl-Pant-hydrazide (II). dl-Pantolactone (13-0 g.) was 
added to hydrazine hydrate (15 ml.-50% solution). Heat 
was evolved. After standing at room temperature for 24 hr. 
the excess hydrazine hydrate was removed under reduced 
pressure at 50°. The remaining viscous syrup crystallized 
slowly when stored over phosphorus pentoxide in a vacuum 
desiccator for 2-3 days. It crystallized from absolute 
ethanol (40 ml.) in small prisms (11-0 g.), m.p. 104-105°. 
(Found: C, 44-65; H, 8-75; N, 17-6. C,H,,0,;N, requires 
C, 44-4; H, 8-6; N, 17-3%.) f 

dl-N-(B-diethylaminoethyl)-pantamide (III). dl-Pantolac- 
tone (1-3 g.) and fB-diethylaminoethylamine (1-2 g.) were 
heated together, with occasional stirring and exclusion of 
moisture, in an oil-bath at 100—110° for 24 hr. The product, 
a viscous syrup, was cooled and triturated with light 
petroleum (10 ml., b.p. 60-80°), the solvent decanted and 
the process repeated. The syrup was finally warmed to 50° 
with light petroleum (5 ml.) and, after the bulk of it was 
decanted, the remaining solvent was removed in vacuo at 
50°. The residual viscous syrup did not form a picrate under 
identical conditions where B-diethylaminoethylamine, either 
alone or as a mixture with an equivalent of lactone, gave 
an almost quantitative precipitate of picrate. The amide is 
readily soluble in water, ethanol and ether. 

dl-N-(5-diethylamino-2-pentyl)-pantamide (IV). dl-Panto- 
lactone (1-3 g.) and 5-diethylaminopentyl-2-amine (1-6 g.) 
were heated together in an oil-bath at 105-110° for 24 hr. 
with exclusion of moisture. The original fluid mixture be- 
came very viscous. The product, a viscous syrup, was 
treated as in the preceding preparation. 

dl-N-pantoyl-phenylalanine (sodium salt) (V). dl-Panto- 
lactone (1-3 g.) was melted in an oil-bath at 100-110° with 
exclusion of moisture, and dry powdered sodium salt of 
phenylalanine (1-87 g.=1 g. mol.) stirred in. After 4 hr. at 
100-110° with occasional stirring the viscous product was 
allowed to cool. It set to a hard glass which was powdered 
and stored over phosphorus pentoxide. 

dl-N-pantoylhexahydroanthranilic acid (sodium salt) (V1). 
Hexahydroanthranilic acid, 1-43 g. (Einhorn & Meyerberg, 
1894), was converted to the sodium salt, dried, finely 


ae a a ee oe 


= © Se @r we = wet 


asd ee es © p> 4. 


-~ 





Vol. 39 


powdered and added with stirring to melted pantolactone 
(1-4 g.) in an oil-bath at 110°. The mixture was kept at 
110-115° for 6 hr. with exclusion of moisture and occasional 
stirring. It slowly became viscous and set to a brittle glassy 
solid. It was powdered and stored over phosphorus pent- 
oxide. 

dl-N-pantoyl-nipecotinic acid (sodium salt) (VII). Finely 
powdered, dry, sodium nipecotinate (1-5 g.: Ladenburg 
(1892)) was added, with stirring, to pantolactone (1-3 g.) 
melted in an oil-bath at 100°. The mixture was heated for 
5 hr. at 100-110° with occasional stirring and exclusion of 
moisture. On cooling, a highly hygroscopic brittle glass was 
obtained, which was powdered and stored over phosphorus 
pentoxide in vacuo. 

dl-8-(N-pantoylaminoethyl)-p-tolyl sulphone (VIII). So- 
dium (2-5 g.) was dissolved in absolute ethanol (80 ml.), 
and p-tolyl mercaptan (12-4 g.) added, followed by B-bromo- 
ethylphthalimide (28 g. (Gilman, 1932)) and the mixture 
heated under reflux on the steam-bath for 1 hr. Theseparated 
sodium bromide (8-7 g.) was filtered and washed with a 
little ethanol. On cooling, the filtrate deposited p-tolyl- 
B-phthalimidoethyl sulphide (22 g.; 73% of theoretical 
yield) in colourless prisms, m.p. 81°. The sulphide (9-0 g.) 
was dissolved in glacial acetic acid (25 ml.) and perhydrol 
(12 ml.) added to the hot solution. After heating on the 
steam-bath for 14 hr. and cooling, the crystalline solid was 
separated by filtration, washed with a little 50% acetic 
acid, and dried at 100°. Yield 9-0 g.; m.p. 130-132°. Re- 
crystallization from ethanol gave p-tolyl-B-phthalimidoethyl 
sulphone in colourless needles, m.p. 140-141°. (Found: 
C, 61-75; H, 4-5; N, 4-45. C,,H,,0,NS requires C, 62-0; 
H, 4-6; N, 4:3%.) 

The sulphone (8-5 g.) was heated under reflux for 14 hr. 
with ethanol (50 ml.) and hydrazine hydrate (2-2 g.; 50% 
solution). Solid soon separated from the originally clear 
solution. The ethanol was removed under reduced pressure 
and the solid residue heated on the steam-bath for }$ hr. 
with hydrochloric acid (20 ml., d. 1-18 diluted with 20 ml. 
water) and filtered whilst hot. The solid on the filter was 
washed with a little dilute hydrochloric acid and finally 
with water. The clear filtrate was made strongly alkaline 
with NaOH. An ether-insoluble oil separated. This was 
extracted at 5° with ethyl acetate (5 x30 ml.). The com- 
bined extract was dried over anhydrous sodium sulphate 
and the solvent removed, the last portions under reduced 
pressure. £-(p-Tolylsulphonyl)ethylamine was left as an oil 
(38 g.) which slowly crystallized. Recrystallized from 
benzene/light petroleum (b.p. 60-80°) mixture (4:1), it was 
obtained in colourless plates, m.p. 66-67°. (Found: C, 54-3; 
H,7-0;N, 7-3. C,H,,0,NS requiresC, 54-3; H, 6-5; N, 70%.) 

The amine (2-0 g.) and pantolactone (1-3 g.) were melted 
together in an oil-bath at 90-100° and heated at this tem- 
perature for 4 hr. with occasional stirring and exclusion of 
moisture. The resulting viscous syrup crystallized very 
slowly on standing and was recrystallized from benzene 
(about 30 ml.). dl-8-(N-pantoylaminoethyl)-p-tolyl sulphone 
separated in colourless prisms (2-4 g.), m.p. 96-97°. Soluble 
in ethanol and water, sparingly soluble in benzene. (Found: 
C, 54-7; H, 6-7; N, 4-4. C,;H,,0;NS requires C, 54-7; H, 7-0; 
N, 43%.) 

dl-B-( N-pantoylaminoethyl)-p-aminophenyl sulphone (IX). 
B-Bromoethylphthalimide (26 g.) dissolved in ethanol 
(300 ml.) was heated under reflux for 4 hr. with sodium 
p-nitrothiophenate (17-7 g.). Water (500 ml.) was added 
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and the solution cooled. The solid which separated was 
removed by filtration and washed with 50% ethanol. 
Yield, 35g. Dried at 100°. Not purified further for next 
stage. (Recrystallization of a small specimen from acetic 
acid gave p-nitrophenyl-§-phthalimidoethyl sulphide in 
small yellow plates, m.p. 175-176°.) Oxidation with per- 
hydrol in acetic acid gave p-nitrophenyl-B-phthalimidoethyl 
sulphone in faintly yellow prisms (from acetic acid), m.p. 
211-212°. (Found: C, 53-2; H, 3-7; N, 8-5. C,.H,,0,N,S 
requires C, 53-3; H, 3-3; N, 7-°3%.) 

The sulphone (31 g.) was powdered and heated under 
reflux with stirring for 5 hr. with ethanol (900 ml.), water 
(100 ml.), cone. hydrochloric acid (1 ml.) and iron pin dust 
(90 g.). The mixture was made faintly alkaline to brilliant 
yellow with ammonia and filtered hot. On cooling, the 
filtrate deposited p-aminophenyl-B-phthalimidoethyl sulphone 
in long pale orange-yellow needles (19-7 g.), m.p. 199-200°. 
A further amount (3-5 g.) was recovered by concentration 
of the mother liquors. A specimen recrystallized from 
ethanol separated in long pale yellow needles, m.p. 200°. 
(Found: C, 57-75; H, 4-2; N, 8-45. C,,H,,0,N.S requires 
C, 58-2; H, 4:2; N, 8-5%.) 

The phthalimido-sulphone (16-5 g.) was decomposed with 
hydrazine hydrate in the manner already described. 
B-Aminoethyl-p-aminophenyl sulphone was obtained in 
colourless plates (from benzene), m.p. 116-117°. Soluble 
in water, ethanol, acetone, ethyl acetate. (Found: C, 48-4; 
H, 5:8; N, 13-75. C,H,.0,N.S requires C, 48-0; H, 6-0; 
N, 14.0%. 

The amino-sulphone (2-0 g.) and pantolactone (1-3 g.) 
were heated together in an oil-bath at 110° for 4 hr., with 
occasional stirring and exclusion of moisture. dl-B-(N- 


pantoylaminoethyl)-p-aminopheny] sulphone was obtained 
as a clear glass which could not be induced to crystallize. 
It contained a diazotizable amino group, was soluble in 


water but did not form a picrate. Sparingly soluble in 
benzene, soluble in acetone and ethyl acetate. 

dl-8-(N-pantoylaminoethyl)-p-methoxyphenyl sulphone (X). 
Sodium (2-3 g.) was dissolved in absolute ethanol (200 ml.), 
and p-methoxyphenyl mercaptan (14-0 g.) added, followed 
by B-bromoethylphthalimide (25 g.). The mixture was 
heated under reflux for 10 hr. Most of the ethanol was 
removed on the steam-bath and ice-water added to the 
residue. On standing, with occasional stirring, a solid 
crystallized out which was separated. Recrystallization 
from ethanol gave p-methoxyphenyl-(8-phthalimidoethyl) 
sulphide in small plates (23 g.), m.p. 96°. 

By oxidation with perhydrol in acetic acid p-methoxy- 
(B-phthalimidoethyl) sulphone (22 g.; m.p. 136°) was ob- 
tained and hydrolysis of the phthalimido compound (22-0 g.) 
was effected as previously described, by means of hydrazine 
hydrate and hydrochloric acid. The crude product (12-0 g.), 
crystallized on standing. Recrystallization from ethyl 
acetate/light petroleum (b.p. 60-80°) mixture (3:1) gave 
B-aminoethyl-p-methoxyphenyl sulphone in colourless prisms 
(5-2 g.), m.p. 56-67°. A further 3-0 g. was recovered from 
the mother liquors on dilution with light petroleum. (Found: 
C, 50-15; H, 6-15; N, 6-6. C,H,,0,NS requires C, 50-2; 
H, 6-05; N, 65%.) 

The amino-sulphone, m.p. 56-57° (2-15 g.) and panto- 
lactone (1-3 g.) were melted together at 110-115° and held 
at this température, with occasional stirring for 3 hr. The 
resulting dl-8-(N-pantoylaminoethyl)-p-methoxyphenylsul- 
phone was a resin which could not be crystallized. 
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dl-N-pantoyl-p-anisidine (XI). «y-Diacetoxy-B8-dime- 
thylbutyric acid was prepared both by acetylation of 
sodium «y-dihydroxy-f8-dimethylbutyrate (Harris, Boyack 
& Folkers, 1941) and by acetylation of dl-pantamide fol- 
lowed by treatment with amyl nitrite in acetic acid. As 
reported by Harris et al. (1941) the former method yields 
chiefly the monoacetyl lactone. 

In both methods the neutral fraction was removed by 
extraction of an alkaline solution with ethyl acetate and 
the diacetoxy acid then liberated with hydrochloric acid 
and extracted with ethyl acetate. The ethyl acetate extract 
was dried over anhydrous sodium sulphate and the solvent 
removed, last portion under reduced pressure. The residual 
ay-diacetoxy-88-dimethylbutyric acid was used without 
further purification. The crude acid (4-8 g.) was heated on 
the steam-bath for $ hr. with thionyl chloride (3 ml., freshly 
distilled) and the excess then removed under reduced 
pressure. p-Anisidine (2-4 g.) dissolved in dry pyridine 
(5 ml.) was added all at once and the mixture heated on the 
steam-bath for $ hr. Pyridine was removed under reduced 
pressure and the residual viscous syrup dissolved in chloro- 
form (35 ml.), washed twice with N-hydrochloric acid 
(2x25 ml.), once with water, then with cold saturated 
sodium bicarbonate solution and finally with water. After 
drying over calcium chloride the chloroform was removed 
on the steam-bath, the last portion under reduced pressure. 
A very viscous brown syrup remained (6-5 g.), which was 
insoluble in water and hydrochloric acid, and gave no diazo 
reaction; it was very soluble in acetone, soluble in benzene, 
and insoluble in light petroleum (60-80°). 

Crystallized from acetone/petrol or benzene/petrol. N- 
diacetoxypantoyl-p-anisidine separated in colourless felted 
needles from acetone/light petroleum (prisms from benzene/ 
light petroleum) (3-2 g.), m.p. 86-87°. (Found: C, 60-9; 
H, 7-2; N, 4-6. C,,H,,0,N requires C, 60-5; H, 6-8; N, 4-2%.) 

Hydrolysis was effected by adding a solution of the 
diacetyl compound (1-13 g.) in ethanol (5 ml.) to cold 
N-potassium hydroxide (10 ml.) and allowing to stand for 
18 hr. at room temperature. As much solvent as possible 
was then removed under reduced pressure without heating 
and the residual oil extracted with benzene. On concen- 
tration and cooling, the benzene deposited a crystalline 
solid which was recrystallized from benzene (charcoal treat- 
ment). N-pantoyl-p-anisidine separated in colourless plates 
(0-5 g.), m.p. 116°. Soluble in water. (Found: N, 5-8. 
C,3;H,,0,N requires N, 5-5%.) 





DISCUSSION 


From the results recorded above and those obtained 
by the other workers already referred to, it is appa- 
rent that many compounds derived from panto- 
thenic acid have the property of antagonizing this 
substance with respect to the growth of bacteria. 
Moreover, these substances may have nothing more 
in common with pantothenic acid than the presence 
within the molecule of the pantamide residue. In 
the above experiments the activities of the com- 
pounds examined against L. caseie and Strep. 
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pyogenes did not in every case run parallel. With the 
latter organism some difficulty was experienced in 
obtaining consistently reproducible results. This 
disadvantage did not attend the use of L. casei ¢ as 
the indicator organism, so that the results obtained 
with it are more suitable for the discussion of com- 
parative activity. 

The most potent antibacterial effect was obtained 
with pant-hydrazide (II) although only in the pre- 
sence of the lower concentration of added panto- 
thenic acid. Hydrazine, phenyl-hydrazine and sali- 
cylhydrazide were also antibacterial but the action 
was independent of the concentration of supplement. 
Antagonism was also apparent with the simple 
amide (I) and with the £-diethylaminoethylamide 
(III) but not with the £-diethylaminoamylamide 
(IV). The antibacterial activity of mepacrine and 
quinine, which also carry basic alkyl side chains, 
was not reversed by pantothenic acid. Compounds 
VI and VII are closely related to the growth factor 
in that they are pantamidocarboxylic acids in which 
the amide nitrogen occupies a f position with respect 
to the carboxylic acid group. Neither inhibited the 
growth of the bacterium at the maximum concen- 
tration examined. Compounds VIII, [X and X can 
be regarded as derived from pantoyltaurine by re- 
placing the hydroxyl of the sulphonic acid group by 
a substituted phenyl nucleus. Compound IX is also 
related to sulphanilamide and the p-aminophenyl 
sulphones, and the antibacterial activity might 
therefore be attributed to this relationship. Sepa- 
rate experiment, which has not been recorded here 
in detail, has shown, however, that the growth- 
inhibiting effect of this substance against Strep. 
pyogenes is not antagonized by a concentration of 
1/1000 of p-aminobenzoic acid. It can be regarded 
as functioning, therefore, primarily as a pantothenic 
acid antagonist. This observation is of importance 
since this substance was the only member of the 
series examined in vivo (II, VIII, [X and XI) which 
exhibited any activity. 






SUMMARY 


1. Eleven amides derived from pantoic acid have 
been prepared and examined as antagonists of 
pantothenic acid with respect to bacterial growth. 

2. Pant-hydrazide showed marked antagonism 
in vitro with respect to Lactobacillus casei « but 
exhibited no therapeutic action in rats infected with 
Streptococcus pyogenes. 

3. The amide derived from 4-aminophenyl-f- 
amino ethylsulphone showed slight therapeutic 
activity under similar conditions. 
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Antibacterial Activity of Substances Related to p-Aminobenzoic Acid 


By A. R. MARTIN anv F. L. ROSE, Research Department, Imperial Chemical Industries Limited, 
Blackley, Manchester, 9 


(Received 19 September 1944) 


The current view of the mode of action of the 
sulphanilamide drugs is that these substances inter- 
fere with the growth of bacteria by virtue of a 
competitive inhibition of p-aminobenzoic acid, or 
some substance related thereto, which serves as an 
essential metabolite for the organisms. Further, 
this competitive inhibition is probably connected 
with a similarity in the spatial arrangement of the 
substituent groupings within the molecule of the 
growth-factor and growth-inhibitor, which provides 
them with an affinity for the same hypothetical 
enzyme system. It was, on this view, likely that 
substances which antagonize p-aminobenzoic acid 
might be devised from the parent structure, leaving 
the existing substituent groups intact, by intro- 
ducing further substituents into the benzene nu- 
cleus. This has proved to be the case in certain 
instances. . 

While this paper was being prepared the results 
were published of similar investigations by Wyss, 
Rubin & Strandskov (1943) and by Johnson, Green 
& Pauli (1944), who have examined many of the 
compounds listed below. Nevertheless the present 
work has included compounds not used by the 
American workers and in addition more attention 
has been paid to in vivo experiments. 


Derivatives of p-aminobenzoic acid employed 


The substances shown in Tables 1 and 2, many of 
which are known compounds, were employed in the 
experiments. Table 1 contains the nuclear substi- 
tuted derivatives and Table 2 a number of miscel- 
laneous derivatives which were included in the in- 
vestigation. The preparation of the new compounds 
will be described elsewhere. 


Table 1. Nuclear substituted 4-aminobenzoic acids 


& a 
HOOC: 4)>NH, 


ee . 


Compound Substituent(s) 


|g 3-Chloro 
Ti? + 2-Chloro 
ItI* 3-Iodo 
IV* f 3-Methyl 
Ve 2-Methyl 
VE 3-Hydroxy 
VII* f 3-Methoxy 
VIII* 2-Methoxy 
IXtf 3-Ethoxy 
a 3-Amino 
xI* 3-Carboxy 
XIIt 3-Methylmercapto 
XITIt 3-Ethylmercapto 
XIV{ 3-Methylsulphonyl 
XVt 3-Ethylsulphonyl 
XVI 3:5-Dichloro 
XVII 3:6-Dichloro 
XVIII 3-Chloro-6-amino 
XIX 3-Chloro-6-acetylamino 
XxX 3:5-Dibromo 
XXIft 3:6-Dimethyl 
XXITf 3:6-Dimethoxy 
XXIt 2-Methoxy-5-methyl 
XXIV{ 3-Methoxy-6-methyl 


* Compounds used by Wyss, Rubin & Strandskov (1943). 
+ Compounds used by Johnson, Green & Pauli (1944). 
{ New compounds. 


Behaviour towards streptococci in vitro 


The general plan of all the experiments was the 
same. The organism used was Streptococcus pyogenes, 
‘Kruger’ strain (Lancefield Group A), maintained 
by weekly subculture on agar. All tests were carried 
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Table 2. Miscellaneous substances related to 
4-aminobenzoic acid 
Compound Constitution 
XXV 2:2’- Diaminodiphenyldisulphide-5:5’-di- 
carboxylic acid 
XXVI*  3-Chloro-4-aminobenzamide 
XXVII*  2-(3’-Chloro-4’-aminobenzamido)-pyridine 
XXVIII* 4:6-Dimethy]-2-(4’-aminobenzamido)-pyr- 
imidine 
XXIX Ethyl-4-aminobenzoate 
XXX 4-Benzamidobenzoic acid 
XXXI* 4-(4’-Aminobenzamido)-benzoic acid 
XXXII 2-Amino-benzthiazole-6-carboxylic acid 
XXXII 3-Amino-4-hydroxybenzoic acid 


* New compounds. 


out in Wright’s broth to which 5 % sterile defibrin- 
ated horse blood was added. Sufficient blood-broth 
to complete all the tubes in one test was infected 
with a 24 hr. culture of the test organism in plain 
broth to give a count of 200-500 colonies per ml. in 
the diluted culture. 0-1 ml. amounts of solutions of 
the drugs to be examined were placed in 3 x $ in. 
test-tubes in such concentrations that, when 1-0 ml. 
of the infected blood-broth was added to each, a 
range of concentrations 1 : 330, 1: 1000, 1 : 3000, 
1 : 9000, etc., was produced. The tubes were incu- 
bated for 24 hr. at 40°, inspected for haemolysis, 
and one loopful from each plated on blood-agar. 
A series of tubes containing sulphanilamide was 
always included as a standard. 

The first compounds to be examined were the 
2-methyl- (V), 3-methyl- (IV), 2-chloro- (II) and 
3-chloro- (I) derivatives of 4-aminobenzoic acid. 
These derivatives were chosen as being the simplest 
representatives having typical non-polar and polar 
substituents in both possible positions in the benzene 
ring. Compounds IT, IV, V did not inhibit strepto- 
coceal growth at concentrations of 1 : 330, but com- 
pound I partially inhibited growth at a concentra- 
tion of 1 : 3000. A similar degree of inhibition was 
exerted by sulphanilamide in the same test at a 
concentration of 1 : 81,000. Thus compound I was 
about one twenty-seventh as effective as sulphanil- 
amide in inhibiting streptococcal growth. 
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Table 3. Antagonism by 4-aminobenzoic acid and derivatives of inhibition of growth 
of Strep. pyogenes by sulphanilamide 


Concentration of sulphanilamide, one part in 
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Following this initial examination the three com- 
pounds showing no antibacterial action were re- 
examined to see whether they retained the power 
of the parent compound, 4-aminobenzoic acid, to 
antagonize the action of sulphanilamide. 


Five sets of tubes were prepared, containing medium 
and organisms as in the first experiment. Each series con- 
tained a range of sulphanilamide concentrations from 
1: 1000 to 1: 243,000. The first set of tubes served as 
controls. The remaining tubes contained compounds II, 
IV and V each at a concentration of 1: 1000. All tubes 
were incubated and examined as before, with the results 
shown in Table 3. 


The 3-methyl- and 2-chloro-compounds are seen 
to resemble 4-aminobenzoic acid in antagonizing 
completely the growth-inhibitory action of sulph- 
anilamide, whilst the 2-methyl-derivative is inert, 
neither restraining the growth of the organisms nor 
inhibiting the action of sulphanilamide upon them. 
No attempt was made to assess the relative sulph- 
anilamide-antagonizing powers of 4-aminobenzoic 
acid and its 3-methyl- and 2-chloro-derivatives. 

Some of the other compounds listed in Tables 
1 and 2 were examined for antisulphanilamide ac- 
tivity; three only were found to possess this pro- 
perty, but only to a very slight degree. They were: 
4-amino isophthalic acid (XI); 4-(4’-aminobenz- 
amido)-benzoic acid (XX XI); ethyl 4-aminoben- 
zoate (XXIX). Woods (1940) found the ester 
(X XIX) inactive. The absence of free acid from our 
sample was assured as far as possible by rigorous 
purification. 

Two other compounds which showed marked 
antibacterial activity were 3:4-diaminobenzoic acid 
dihydrochloride (X) and 3-hydroxy-4-aminobenzoic 
acid (VI). The former had the same order of activity 
as the 3-chloro-compound, whilst compound VI was 
examined many times and found to be about one- 
third to one-ninth as inhibitory as sulphanilamide. 
This compound was the most active growth-inhi- 
bitor of the series examined. Table 4 gives the results 
of a typical experiment showing the relative inhi- 
bitory powers of these compounds. 





Control (no 








c —A— ———,  sulphanil- 
1,000 3,000 9,000 27,000 81,000 243,000 amide) 
Antagonist Effect on growth 
(1 : 1000 in each tube) — q Y 

None - _ = - & + + 
4-Aminobenzoic acid : + es + - + z 
Compound IT + + - a 4 a ee 
Compound IV + + - + i « + 
- - - + + 


Compound V - - 
— indicates no haemolysis in tubes after 24 hr. 





+ indicates full haemolysis in tubes after 24 hr. 
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Table 4. Antibacterial activity of compounds related to 4-aminobenzoic acid against Strep. pyogenes 


(The medium was 5% blood-broth; temperature of incubation 40°.) 


rc 


Compound examined 1,000 3,000 9,000 


Sulphanilamide - ~ = 
Compound I ~ ~ ~ 
Compound VI 
Compound X 


27,000 


++ 


Concentration, one part in 


ee 
Nil 


87,000 (control) 


- ~ 
+ +++ 
++ 
+++ 


729,000 


+++ 
t 


243,000 


+++ 
+++ 
+++ 


+++ 
+++ 
+++ 


+++ represents complete haemolysis. 


It was observed that the antibacterial actions of 
3-chloro- or 3-hydroxy-4-aminobenzoic acid, were 
considerably decreased but not completely abolished 
by 4-aminobenzoic acid at a concentration of 
1: 1000 and that the antibacterial action of these 
compounds showed the delay in onset characteristic 
of sulphanilamide. This latter point was illustrated 
by the following experiment. 


Three similar cultures of Strep. pyogenes in 5% blood- 
broth were prepared; one was kept as control and to the 
others was added either 1 : 1000 sulphanilamide or 1 : 1000 
3-hydroxy-4-aminobenzoic acid. All the cultures were incu- 
bated at 37°. Samples were removed initially and after 
intervals of 3, 7 and 24 hr. These samples were plated in 
blood agar after suitable dilution. Table 5 shows the colony 
counts per ml. of culture. 


Table 5. Inhibition of growth of Strep. pyogenes by 
sulphanilamide and by 3-hydroxy-4-aminobenzoic acid 


ultural conditions: medium plus 
one 
1: 1000 
3-hydroxy- 
No sulphanil- 4-amino- 
Period of addition amide benzoic acid 
incubation Colony counts per ml. of culture 
(hr.) + 
0 2,000 2,000 2,000 
3 100,000 50,000 50,000 
108 130,000 100,000 
1-5 x 10° 6,000 12,000 


1: 1000 





7 
24 


Further evidence that the antibacterial action 
exerted by these compounds was essentially due to 
their relationship to 4-aminobenzoic acid was given 
by the observation in another experiment that 
neither benzoic acid nor 3-chlorobenzoic acid nor 


3-amino-4-hydroxybenzoic acid (isomeric with VI) 


showed any antibacterial action at concentrations 
of 1: 1000, whereas 3-chloro-4-aminobenzoic acid 
suppressed growth at 1 : 3000 in the same experi- 
ment. 


Assessment of antistreptococcal activity in mice 


Before carrying out therapeutic experiments with 
these compounds, some estimations were made of 


the blood concentrations in mice resulting from oral 
or subcutaneous dosings. Estimations were made 
by the method of Rose & Bevan (1944). The results 
are shown in Figs. 1 and 2 which are based on the 
concentrations found in pooled blood samples from 
groups of three mice given the drugs as dispersions 
in water. 

It was obvious that absorption and elimination 
of these two compounds from the blood stream was 
extremely rapid, especially when compared with 
sulphanilamide. The most active compound, 3- 
hydroxy-4-aminobenzoic acid, being an o-hydroxy 
amine, did not readily undergo diazotization and 
coupling in the normal manner and hence could not 
be estimated. It is probable that it would disappear 
from the blood stream at least as rapidly as the 
other compounds. 

In the therapeutic experiments conditions were 
so arranged that the drugs under examination had 
the greatest chance of exerting their action. A pre- 
liminary toxicity test indicated that doses of 10 mg./ 
20 g. mouse, either of 3-chloro- or of 3-hydroxy- 
4-aminobenzoic acid given subcutaneously every 
1-2 hr. during the daytime, were as much as the 
mice would tolerate without evident distress. The 
drugs were administered as relatively coarse sus- 
pensions, in order to prolong the period of absorp- 
tion. The first dose was given at the time of infection. 
The mice were infected intraperitoneally with a 
relatively small number of organisms (0-25 ml. of a 
1: 10° dilution of an 18 hr. blood-broth culture of 
either Streptococcus pyogenes (‘Kruger’ strain) or 
Diplococcus pneumoniae (Type I). The treatments 
given are shown in Table 6. 

The therapeutic results obtained in these experi- 
ments are not very marked, but are quite definite. 
Considering the limited in vitro activity of the com- 
pounds concerned and the rapidity with which they 
are removed from the blood stream, they are 
probably as good as can be expected. 

An attempt was made to neutralize the limited 
therapeutic effect demonstrated by 3-hydroxy-4- 
aminobenzoic acid by the simultaneous administra- 
tion of 4-aminobenzoic acid. This was not successful 
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Blood concentration (mg./100 ml.) 





Hours after dosing 


Fig. 1. Blood concentrations following single oral doses of 
5 mg./20 g. mouse of 4-aminobenzoic acid and 3-chloro- 
4-aminobenzoic acid. 


1945 


Blood concentration (mg./100 ml.) 





Hours after dosing 


Fig. 2. Blood concentrations following single subcutaneous 
doses of 5 mg./20 g. mouse of 4-aminobenzoic acid and 
3-chloro-4-aminobenzoic acid. 


Table 6. Therapeutic experiments, using two p-aminobenzoic acid derivatives against infection 
with Strep. pyogenes and Diplococcus pneumoniae 


(Infecting dose of organism: 0-25 ml. of 1:10® dilution of 18 hr. blood-broth culture.) 
Dose of drug: 10 mg./20 g. mouse. 


Observations at 


























Infecting No. of ; —— ~ 
organism Treatment mice 24 hr. 30 hr. 48 hr. 72 hr, Remarks 
None (controls) 6 2 dead 6 dead — _- — 
2 very ill 
y ¢ | 3-Hydroxy-4-amino- 6 All alive Allalive but All alive 6 dead : 
yma { benzoic acid: 7 doses andwell slightly de- _and fairly All control: mice dead 
PY on first day; 7 doses pressed well - more than 18 hr. before 
on second day; 2 | first treated mouse died 
doses on third day 
‘None (controls) 12 None 10 dead 1] dead 11 dead) 
dead 
Streptococcus } , : , * * 10 controls dead before 
pyogenes 3-Hydroxy-4-amino- 12 None None dead 10 dead 11 dead / first treated mouse died 
benzoic acid: 4 doses dead | 
_ on first day 
None (controls) 12 4 dead 12 dead -- — ) 

Diplococcus Sete cial 12 None None dead 2 dead 12 dead | 18 hr. after all controls 
pneumoniae + benzoic acid: 7 doses dead died, only 2 of treated 
(Type I) on first day; 5 doses | group had died 

on second day 
None (controls) 6 3 dead 6 dead 6 dead — Differences in death 
3-Chloro-4-amino- 6 1 dead 5 dead 6 dead — | rates not significant, 

Streptococcus benzoic acid: 4 doses but treated group re- 
pyogenes on first day; 3 doses mained well for ” a 

on second day | longer period and died 
, suddenly 





we 
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because of the large doses it was necessary to use; 
the infected mice receiving both compounds died 
more quickly than those receiving 3-hydroxy-4- 
aminobenzoic acid alone. One of a group of control 
uninfected mice died after receiving the same treat- 
ment. 

The above results suggest an explanation of the 
in vivo therapeutic action of 4-nitrobenzoic acid 
upon pneumococci which has been reported (Mayer 
& Oechslin, 1939). It is known that 4-nitrobenzoic 
acid is reduced in the animal body (Flynn & 
Kohl, 1941). It is possible that 4-hydroxyl- 
aminobenzoic acid arises during this process and 
may be rearranged to the active 3-hydroxy-4- 
aminobenzoic acid. 
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SUMMARY 


1. Thirty-three substances related to 4-amino- 
benzoic acid have been examined for inhibitory 
action on the growth of streptococci. 

2. Three of them, 3-hydroxy- and 3-chloro-4- 
aminobenzoic acid and 3:4-diaminobenzoic acid, 
were found to be inhibitory. The action of the first 
substance was approximately one-third to one-ninth 
that of sulphanilamide in vitro. This substance 
exhibited a slight therapeutic effect in mice infected 
with streptococci or pneumococci. 

3. Five of the compounds examined antagonized 
the bacteriostatic effect of sulphanilamide on 
streptococci in vitro. 
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The Colorimetric Estimation of Diethylstilboestrol, 
Hexoestrol and Dienoestrol 


By F. H. MALPRESS, National Institute for Research in Dairying, University of Reading 


(Received 18 October 1944) 


The extensive use of synthetic oestrogens in both 
human and veterinary medicine has made the 
chemical assay of these substances a matter of great 
importance. Methods have already been described 
for the estimation of diethylstilboestrol (4:4’-di- 
hydroxy-«f-diethylstilbene) by absorption spectro- 
photometry (Elvidge, 1939), by volumetric analysis 
(Sondern & Burson, 1942), and by colorimetry 
(Dingemanse, 1940; Dechene, 1941; Tubis & Bloom, 
1942; Huf & Widmann, 1942; Cocking, 1943; 
Dracass & Foster, 1943). Elvidge (1939) has also 
proposed absorption spectrophotometry as a suit- 
able method for the estimation of hexoestrol (4:4’- 
dihydroxy-y3-diphenyl-n-hexane), but otherwise no 
chemical methods are available for the assay of this 
substance, or of dienoestrol (4:4’-dihydroxy-y8- 
diphenyl-A/8 -hexadiene). 

The methods described here differ from one 
another only in their detail, and are based on the 
recommendations of Stoughton (1936), who advised 
the use of acetic acid as a solvent in the estimation 
of non-water-soluble phenolic compounds and de- 


scribed the development of a yellow colour after 
treating such solutions with nitric acid and their 
subsequent neutralization. 


METHODS 


Standard solutions. Standard oestrogen solutions are pre- 
pared by dissolving the appropriate oestrogen in glacial 
acetic acid to give a final strength of 0-1% (w/v). It is 
necessary to store these solutions in the dark in order to 
prevent the formation of a yellow colour (diethylstilboestrol, 
hexoestrol) or to retard its development (dienoestrol). No 
loss of chemical activity could be detected in these solutions 
after 1 month’s (diethylstilboestrol) or 6 months’ (hexoestrol, 
dienoestrol) storing and the presence of a yellow colour in 
dienoestrol solutions after such a period was not correlated 
with any loss in activity as determined by chemical assay. 
Possible effects of storing on the biological activity of the 
oestrogens were not investigated. 

Unknown solutions. For all estimations the oestrogen is 
required in solution in glacial acetic acid (minimum strength 
approx. 0-01 % (w/v)). The procedure used for this purpose 
will depend upon the nature of the preparation to be investi- 
gated. Ether extraction of certain aqueous suspensions, 
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followed by evaporation of the ethereal solution to dryness 
and re-solution in acetic acid, has proved satisfactory in 
some cases (e.g. rumen liquor) while Dechene (1941), Sondern 
& Burson (1942) and Dracass & Foster (1943) have suggested 
extractions from oily solutions which could easily be adapted 
to give the final acetic acid solution needed for these esti- 
mations. For non-oily preparations having a high solids 
content, drying in a steam oven followed by direct extrac- 
tion of the residue with hot acetic acid has been used. Loss 
of the oestrogen occurs when acetic acid solutions of dien- 
oestrol are heated, and it is necessary to extract this sub- 
stance at room temperature. 


Estimation of diethylstilboestrol. A volume of 
acetic acid solution containing 0-5-2 mg. diethyl- 
stilboestrol is pipetted into a 50 ml. standard flask, 
and diluted further with glacial acetic acid to give 
a final volume of 6ml. Conc. H,SO, (0-1 ml.) is 
added, followed by 0-04 ml. conc. HNO,. The solu- 
tion is shaken and heated on the steam-bath for 
13 min. with gentle shaking at 15 sec. intervals. 
It is cooled immediaiely by the addition of 10 ml. 
distilled water, and made alkaline with 15 ml. conc. 
NH, solution (sp.gr. 0-88). A fine orange colour 
develops at this stage in the presence of diethyl- 
stilboestrol, and the solution is left to cool to room 
temperature before making to volume with dis- 
tilled water. The final colour is compared with that 
given by 1 ml. of standard diethylstilboestrol solu- 
tion treated in the same way. 

Estimation of hexoestrol. The same procedure is 
used as for the estimation of diethylstilboestrol up 
to the addition of conc. HNO,. The solutions are 
then made alkaline, with no prior heating, by the 
addition of 25 ml. 25% NaOH. When cool they are 
made to volume (50 ml.) and the colour compared 
with that given by 1 ml. of standard hexoestrol 
solution. 

Estimation of dienoestrol. The method for diethyl- 
stilboestrol is again followed. After the addition of 
conc. HNO,, however, the solutions are not heated, 
but left to stand for 1 hr. at room temperature. 
They are then diluted with 10 ml. distilled water, 
made alkaline by the addition of 15 ml. cone. NH, 
solution (sp.gr. 0-88), allowed to cool and diluted 
to 50 ml. The final colour is compared with that 
given by 1 ml. of standard dienoestrol solution. 

Colorimetry. Measurements were made with a 
Hellige drum-scale colorimeter, using a spectrum 
green colour filter (Ilford 604, 520myz). A photo- 
electric spectrophotometer was used for the tests 
of colour permanence. 


EXPERIMENTAL 


Addition of H,SO,. The addition of H,SO, is 
essential for colour development only in the case of 
dienoestrol solutions. Although it is unnecessary in 
the estimation of diethylstilboestrol its omission 
leads to the formation of a precipitate in solutions 
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having an oestrogen content of 2mg. or more, 
whereas no precipitate is formed when H,SO, is 
added, even in solutions with a content of 5 mg. 
With hexoestrol solutions also the use of H,S0O, 
permits a slightly higher oestrogen concentration 
to be estimated before the appearance of precipi- 
tates. For diethylstilboestrol solutions the time of 
heating for maximum colour development (vide 
infra) is also influenced by H,SO, and is materially 
reduced in its presence. In the diethylstilboestrol 
and dienoestrol methods an increase in the number 
of drops of H,SO, added leads to a progressive de- 
crease in the colour strength produced and it is 
essential that this addition should be well controlled. 
No corresponding effect on the final colour was 
found for hexoestrol solutions. 

Addition of HNO,. No effect on the final colour 
in diethylstilboestrol or hexoestrol estimations was 
produced by varying the HNO, addition from 0-02 
to 0-06 ml. With dienoestrol solutions 0-02 ml. was 
insufficient to give the fullest colour development. 

Time of heating. Fig. 1 illustrates the effect of 
varying the time of heating, after the addition of 
HNO,, on the final colour development in diethyl- 
stilboestrol solutions. 


25 
27 
29 


31 


Colorimeter reading (mm.) 


33 


35 | 
0 | 2 3 4 5 10 


Time of heating (min.) 


Fig. 1. Relationship between the time of heating and colour 
development in standard solutions of diethylstilboestrol. 
(Duboscq type colorimeter, green light filter, 520 my.) 


In the case of hexoestrol solutions an intensifica- 
tion of the final colour is also caused by heating, but 
utilization ofthis fact in the method is made inad- 
visable by the danger of further chemical change 
occurring in the solution, characterized by the 
evolution of nitrous fumes and the formation of 
cloudy precipitates in the final solution. Neutrali- 
zation with conc. NH, solution was found to give 
precipitates in the final solutions both when they 
had been previously heated and also when this 


‘treatment had been withheld. 


co ©24 & 7 om 
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ore, Heating after the addition of HNO, similarly loss (diethylstilboestrol, dienoestrol) is a function of 
, is causes a greater colour development in dienoestrol _ time for the period studied, while steady values are 
mg. solutions, the optimum heating period being 1}min., maintained in hexoestrol solutions. The loss of 
SO, but a like effect, though retarded, is also observed optical density in the first 3 hr. is in all cases ap- 
tion | When the solutions are allowed to stand at room proximately 5%. The use of standard oestrogen 
ipi- | temperature, and since, if heating is used in dien- solutions prepared at the same time as the unknown 
» of oestrol estimations, a confusion of these two pro- _ solutions, for the colorimetric comparison, auto- 
vide | cesses leads to variable values when series of estima- matically compensates for any loss due to fading, 
ally tions are run, and when HNO, is added to all the but the use of stable dyes for comparison is clearly 
trol solutions at the same time, it was thought more inadmissible. 
ber convenient to eliminate heating altogether from the Application of Beer’s law. In all cases the law is 
de- method, maximum colour development at room obeyed for the oestrogen concentrations (0-5-2 mg.) 
t is | temperature being given by dilution and neutrali- most useful for visual colorimetry. Results of 
led. zation after 1 hr. standing. typical experiments, in which different amounts of 
was Permanence of the final colours. An absolute standard oestrogen solutions were used, are given 
measure of the, rate of fading in solution was ob- in Table 1. 
our tained for the oestrogens by using a photoelectric Outside this most sensitive range it has been 
was verified that the linear relationship between con- 
02 : centration and colour intensity persists for diethyl- 
was stilboestrol and dienoestrol solutions up to a con- 
at. 0-14 centration of 4-0 mg. oestrogen in the test solution ; 
_ of for hexoestrol the application is limited by the 
. of 0-13 appearance of precipitates in solutions of higher 
iyl- oestrogen content. 
g Preparation of dinitrohexoestrol compound. The 
0-12 precipitate formed in solutions of hexoestrol con- 
taining more than 2 mg. oestrogen was isolated. It 
O11 was also prepared by stopping neutralization, fol- 
lowing HNO, treatment, at the point of maximum 
o-10 precipitation and, while the solution was still acid, 
0 10 ~—o20 30.4030 6079 +|~S=SCs Washing the precipitate free of salts with Water and 
3 3 recrystallizing from benzene. The yellow prisms 
‘Sine Seay GING to vel ane ys in alkali to give. an oun caaien and 
Fig. 2. Relationship between time and the rate of fading had the composition of a dinitrohexoestrol com- 
of colours given by standard solutions of synthetic oestro. pound (m.p. 229-230°; N, 7-70%, theoretical, 
gens. (Photoelectric spectrophotometer.) 7:78 %; NO,, 24-96%, theoretical, 25-56%). 
© Diethylstilboestrol; O dienoestrol; @ hexoestrol. 
spectrophotometer (Thompson, 1942) adjusted to SEAT OF THe BEE 
give a broad green band of the spectrum, which was © The estimation of synthetic oestrogens in the pre- 
then passed through the filter normally used for sence of some common tablet excipients was made, 
) colorimetry. Extinction curves for standard solu- using test solutions in which known amounts of 
tions are shown in Fig. 2. In all cases the colour stearic acid, lactose or cholesterol in glacial acetic 
our fades most rapidly over the first 10 hr.; subsequent acid solution were added to 1 ml. of standard 
rol. 
Table 1. Application of Beer’s law to colour development in oestrogen solutions of different concentrations 
‘a, Diethylstilboestrol Hexoestrol Dienoestrol 
Final — A eet toes A Be tt A a 
nut oestrogen Colorimeter Colorimeter Colorimeter 
d- concentration reading* Recovery reading* Recovery reading* Recovery 
ge (mg./50 ml.) (mm.) (% theoretical) (mm.) (% theoretical) (mm.) (% theoretical) 
he 0-50 49-3 101-4 51:3 97-5 49-0 102-1 
of 0-75 33-4 99-7 35-3 94-3 32-9 101-2 
li- 1-00 24-8 100-8 25-3 98-8 25-0 100-0 
1-25 20-0 100-0 20-9 95-7 19-8 101-0 
ve 1-50 16-6 100-6 17-5 95-4 16-8 99-4 
ey 1-75 14:3 100-0 14-9 96-0 14-5 98-6 
iis 2-00 12-4 100-8 12-9 96-9 12-8 97-7 


* Standard solution for comparison (1 mg./50 ml.) set at 25-0 mm. 
Biochem. 1945, 39 7 
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oestrogen solution. The insolubility of starch in 
glacial acetic acid permits the simple estimation of 
oestrogens when mixed with this substance, while 
experiments in which the oestrogens were estimated 
in the presence of methyl testosterone proved the 
value of the methods for assessing the relative ab- 
sorption of these substances from mixed oestrogen- 
androgen tablets in implantation experiments 
(Table 2). 
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groups in the molecule, and the isolation of a dinitro 
hexoestrol derivative, prepared under the conditions 
used in the quantitative procedure, confirms the 
supposition for this oestrogen. It contradicts the 
view of Stoughton (1936), who considered it very 
unlikely that nitration would follow the use of such 
small amounts of acid, and postulated the formation 
of nitroso derivatives to account for the colours 
produced by phenol and related substances under 


Table 2. Recovery of oestrogens in the presence of added substances 


(1 mg. of the oestrogen and 1 mg. of added substance present in each determination.) 





Diethylstilboestrol Hexoestrol Dienoestrol 
c os n f — ~ c . a 
Colorimeter Colorimeter Colorimeter 
reading Recovery reading Recovery reading Recovery 
Added substance (mm.)  (% theoretical) (mm.) (% theoretical) (mm.)  (% theoretical) 
— 25-0 — 24-8 -- 25-2 — 
Stearic acid 25-7 97-3 26-1 95-0 26-2 96-2 
Lactose 24-5 102-1 25-3 98-0 25-5 98-8 
Cholesterol 25-0 100-0 24-7 100-4 24-1 104-6 
Methy] testosterone 24-9* 100-4 25-0 99-2 24-1 104-6 


* Modified method. 


For this last estimation the heating process was 
eliminated from the normal method for diethyl- 
stilboestrol assay, since, with heating, methyl testo- 
sterone also gives a pale yellow colour. 


DISCUSSION 


The methods described here for the estimation of 
synthetic oestrogens are non-specific, and similar 
colours may be developed by a variety of substances 
—both phenolic and non-phenolic (Stoughton, 
1936)—which might be present in biological ma- 
terials. A successful application of the method for 
diethylstilboestrol to the estimation of this oestrogen 
after its admixture with the rumen contents of a 
bovine, suggests, however, that the method may 
prove to have great usefulness.even where quite 
complex biological substances are involved. 

The chromogen in all cases shows properties 
normally associated with the presence of nitro 


similar conditions. Analogy and the observed pro- 
perties of the chromogens in solution would suggest 
strongly that the nitration of hexoestrol is indeed 
typical of the reactions occurring when other 
phenolic substances, including diethylstilboestrol 
and dienoestrol, are similarly treated. 


SUMMARY 


1. Methods are described for the colorimetric 
estimation of three synthetic oestrogens: diethyl- 
stilboestrol, hexoestrol and dienoestrol. 

2. The experimental conditions and the chemical 
nature of the reactions involved are discussed. 


The author wishes to record his indebtedness to Mr 8. Y. 
Thompson for readings with the photoelectric spectrophoto- 
meter, and to Dr 8. J. Folley for his continued interest 
throughout the progress of the work. The investigation 
was made during the tenure of a research grant from the 
Agricultural Research Council. 
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The Estimation of Aromatic Amidines 


By A. T. FULLER, National Institute for Medical Research, Hampstead, London, N.W. 3 


(Received 21 October 1944) 


The investigation of a series of aromatic amidines 
possessing anti-typhus (Andrewes, van den Ende, 
King & Walker, 1944) and anti-bacterial (Evans, 
Fuller & Walker, 1944) actions made necessary a 
quantitative method for their estimation. When 
aromatic amidines are heated in alkaline solution 
with glyoxal, a complex series of coloured com- 
pounds is formed (Ekeley & Ronzio, 1935, 1937). 
A study of the effect of pH and the amount of 
glyoxal showed that heating the reactants at pH 12 
gave a purple colour, but this was not sensitive 
enough for clinical use. While using different buffers 
it was found that sodium borate is a catalyst for 
the reaction, and that in its presence at pH 9 a 
brilliant stable magenta colour was produced, in 
dilutions down to 1 in 100,000 of amidine. When 
the method had been in use for some time, a paper 
appeared describing a process of estimation also 
using glyoxal (Devine, 1944). This uses the brown 
colour produced when an amidine is heated with a 
large excess of glyoxal (about 2000 times the amount 
used in the present method) in 0-6N-NaOH. It has 
the disadvantages that the glyoxal reagent is un- 
stable and must be made up daily; that the condi- 
tions of heating (30 sec. in the boiling water-bath) 
are difficult to reproduce exactly; and that the 
colour is unstable and must be estimated imme- 
diately. It is, however, not so sensitive to variations 
in the amount of glyoxal used as the method to be 
described. 
METHODS 


Reagenis 


Glyoxul reagent. 0-1 % aqueous solution of glyoxal sodium 
bisulphite (British Drug Houses, Ltd.). This is stable for 
several weeks if kept in an amber bottle. 

Borate buffer. 4g. of boric acid are neutralized to pH 9 
(neutral to thymol blue, faintly pink to phenol phthalein), 
made up to 100 ml. and heated to dissolve. 


Procedure 


10 ml. of solution, containing 1-4 mg./100 ml. of amidine, 
are heated in a boiling water-bath for 10 min. with 1 ml. 
of glyoxal reagent and 1 ml. of borate buffer. After cooling 
and acidifying with 0-2 ml. of 2N-HCl, the colour is examined 
either in an absorptiometer using an Ilford Spectrum Green 
filter, or against standards in a visual colorimeter. With 
many amidines, the colour becomes pinker in acid, and 
bluer in alkaline solution, and although the acidification 
somewhat reduces the intensity of the colour, it is advisable 
since many biological fluids are cloudy at alkaline reactions. 


The colour is maximal at 1-2 mol. of glyoxal/ 
molecule of amidine, and excess of glyoxal inhibits 
colour production. This is shown in Fig. 1, which 
gives the colour production (‘Spekker’ absorptio- 
meter readings) by V 187 (p-methylsulphonylbenz- 
amidine) with different amounts of glyoxal. 


165 






- 
o 


Spekker reading 


0-5 


0-05 0-1 0-2 0-35 0°5 
Strength of glyoxal reagent (%) 


Fig. 1. Effect of strength of glyoxal reagent on the colour 
production by V187 (p-metaylsulphonylbenzamidine). 
Curve 1, 1 mg./100 ml.; curve 2, 2 mg./100 ml.; curve 3, 
3-5 mg./100 ml.; curve 4, 5 mg./100 ml.; curve 5, 7-5 mg./ 
100 ml.; curve 6, 10 mg./100 ml. of V 187. 


Fig. 2 gives the ‘Spekker’ absorptiometer curves 
for fixed glyoxal and increasing amidine concentra- 
tions. These show a preliminary curved part, where 
excess of glyoxal depresses colour production, and 
a flattening out where the glyoxal is insufficient to 
combine with all the amidine. With the strongest 
glyoxal reagent (0-5%), the preliminary curve is 
accentuated, while with the weakest (0-05%) the 
curve soon flattens out. Only over a portion of the 
curve is the colour intensity proportional to the 
strength of the amidine. It follows that any one 
strength of glyoxal is suitable for only a limited 
range of amidine concentration. 0-1% glyoxal was 
chosen as it gives maximum sensitivity with the 
lowest concentrations of amidine. It must be re- 
membered that (1) if an intense reaction is obtained, 


7-2 
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the test must be repeated after dilution of the 
amidine in case the amount of glyoxal is insufficient 
for complete colour production, and (2) for accurate 
results the concentrations of standards and un- 
knowns must not be very different, particularly if 
these are low. . 


5 
3 
1-0 
20 4 
a 2 
z 
& 
& 
a 
os 
& 
TD 05 
5 
I 
0 
I 2 35 5 75 10 


mg./100 ml. of V 187 
Fig. 2. Spekker absorptiometer curves for V187 using 
different strengths of glyoxal reagent. Curve 1, 0-05 %; 
curve 2, 0-1%; curve 3, 0:-2%; curve 4, 0-35%; curve 5, 
0-5 % of glyoxal sodium bisulphite. 


Specificity of the reaction 


The reaction is specific for an unsubstituted 
amidine directly joined to an aromatic nucleus. 
Nearly fifty aromatic amidines, including ring- 
substituted benzamidines, naphthalene diamidine 
and nicotinamidine, have been tested, and all give 
the reaction. It is not given by an aromatic amidine 
with one or two methyl groups on the N atoms of 
the amidine group, or by benzamidrazone or phenyl 
acetamidine. Guanidines, biguanides, or aliphatic 
amidines do not react. 


Estimation of V 187 in blood 


As an example of the estimation of an amidine, 
that of p-methylsulphonylbenzamidine (V 187) is 
described. This drug is slowly absorbed from the 
gut, and is quickly excreted (Evans et al. 1944), and 
blood amidine concentrations will be very low 
except in experimental conditions. This rapidity of 
excretion is partly explained by the presence of 
most of the drug in the plasma. When 20 mg./100 ml. 
were added to horse blood, 7 mg./100 ml. were pre- 
sent in the red cells and 34mg./100 ml. in the 
plasma. 
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(a) For concentrations over 1 mg./100 ml. Ami- 
dines are precipitated by many protein precipitants, 
and are also absorbed by filter paper. Tungstic acid, 
trichloroacetic acid, toluenesulphonic acid, meta- 
phosphoric acid, and zine hydroxide were all un- 
satisfactory as protein precipitants. Precipitation 
with methanol allowed some amidine to pass into 
the filtrate; ethanol was better, and isopropanol 
gave satisfactory recovery. 

1 ml. of blood and 4 ml. of isopropanol are well mixed 
and filtered by gravity or suction. 2 ml. of filtrate are 
placed in a 6in. xin. tube, graduated at 2-5 ml., with 
0-2 ml. of borate, 0-2 ml. of glyoxal reagent and a frag- 
ment of porous pot. The mixture is heated in a boiling 
water-bath for 10 min. Standards containing 0-5, 1-0 and 
2-0 mg. of amidine/100 ml. are similarly treated. The con- 
tents of the tubes need heating carefully at first to avoid 
frothing. (This risk may be minimized by using tubes 
consisting of a 1-5 in. x 0-5 in. tube fused to a 6 in. length 
of 1 in. tubing.) When cool, the mixtures are acidified with 
a drop of 2N-HCl and diluted to the mark with isopropanol. 
The acid and alcohol are necessary to dissolve the borates 
and fat. The alcohol is boiled off during the test to make the 
reaction more sensitive by increasing the boiling-point of 
the mixture and increasing the concentration of the reac- 
tants. 


(6) For concentrations, under 1 mg./100 ml. (if 
the pigment is fluorescent). The pigments from 
V 187 and from some other amidines are fluorescent 
in ultra-violet light in acid solution down to 1yg./ 
100 ml. isoPropanolic extracts of blood cannot be 
used because they give a fluorescent blank, but 
dialyzed iron may be used for deproteinizing in a 
method similar to that of Devine (1944). The correct 
strength of dialyzed iron necessary to precipitate 
the blood proteins without leaving excess must be 
found. In these tests, dialyzed iron (British Drug 
Houses, Ltd.) diluted to 70% was found satis- 
factory. 

1 ml. of blood, 3 ml. of water and 1 ml. of dialyzed iron 
are mixed and heated in a boiling water-bath with stirring 
until the mixture coagulates to a brownish mass (1 min.). 
It is spun down and filtered clear through a sintered glass 
filter. 2 ml. of filtrate, 0-2 ml. of borate and 0-2 ml. of 
glyoxal reagent are heated in the boiling water-bath for 
10 min., along with standards made from 0-2, 0-02 and 
0-002 mg./100 ml. Standards and unknowns are compared 
in a fluorimeter after making acid or alkaline according to 
the conditions under which the pigment is most fluorescent, 
and the results read off the standard curves. 


Estimation in urine 


The urine must be neutralized to thymol blue or 
phenolphthalein. If the content of amidine is un- 
known, it is tested undiluted and at 10- and 100-fold 
dilutions. 

10 ml. of urine, 2-5 ml. of borate, and 1 ml. of glyoxal 
reagent are heated in the boiling water-bath for 10 min., 
cooled and acidified with 1 ml. of 2N-HCl. The suitable 
dilution is compared with a standard, and the dilution 
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necessary to give 2-3 mg./100 ml. is judged, and the test 
repeated with two dilutions either side of this. 


As with most drugs, low concentrations of ami- 
dines cannot be estimated quantitatively in urine 
owing to the interfering substances present. On the 
average, 30 mg./100 ml. gave 65%, 50 mg./100 ml. 
gave 75 % and 100 mg./100 ml. gave 85 % recovery. 

The possibility of the excretion of conjugated 
amidines was not investigated. 


Estimation in faeces 


The sample is rubbed up with sufficient water and dilute 
acid (5 vol. or more) to give an easily flowing mixture acid 
to congo red, and is centrifuged. The extract is neutralized, 
mixed with 4 vol. of isopropanol and filtered. The estimation 
is carried out as for blood, but further dilutions may be 
necessary. This procedure is necessary in order to keep back 
chlorophyll and other isopropanol-soluble pigments. 


Examples of the practicability of the method are 
described in the paper by Evans et al. (1944). 


Estimation of propamidine 


The concentrations of this drug which can be 
tolerated in blood are too low to be estimated 
colorimetrically by this or Devine’s method, and 
since the glyoxal pigment is not fluorescent, the 
question of estimation in blood does not arise. The 
conditions for getting maximal colour are similar 
to those for V 187, but the pigment is sparingly 
soluble in water, although soluble in dilute acetic 
acid. The method for urine is therefore slightly 
altered. 


10 ml. of urine (and dilutions thereof), 2-5 ml. of borate 
and 1 ml. of glyoxal reagent are heated for 10 min. in a 
boiling water-bath, and while still hot, acidified with 2 ml. 
of glacial acetic acid. The pigment is estimated by com- 
parison with standards, or on the Spekker absorptiometer. 
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Estimation of stilbamidine 

Devine describes the estimation of stilbamidine, 
but does not give examples of analyses of actual 
blood samples. It is doubtful whether his method, 
or the present colorimetric method, is sensitive 
enough to detect the blood concentrations met with 
in practice. 

Stilbamidine itself is fluorescent, down to 0-1 mg./ 
100 ml., and a simple fluorimetric estimation on a 
dialyzed iron filtrate would therefore suffice for 
estimations down to 0-5 mg./100 ml. in blood. The 
pink glyoxal pigment is fluorescent in acid solution 
down to 0-01 mg./100 ml., and the general fluori- 
metric method will estimate stilbamidine in blood 
down to 0-05 mg./100 ml. 

In urine or other aqueous solution, the colori- 
metric estimation is satisfactory. The glyoxal pig- 
ment is very sparingly soluble, even in dilute acetic 
acid, and so, after acidifying, an equal volume of 
ethanol is added to keep it in solution. 


RESULTS 


Table 1 gives the blood concentrations and Table 2 
the rates of excretion of p-methylsulphonylbenz- 
amidine (V187) by guinea-pigs after receiving 
100 mg. of the drug by the intramuscular or oral 
route. The absorption and excretion of the amidine 
are rapid after an intramuscular dose, and slow and 
incomplete after an oral dose. The blood estimations 
on animals 4 and 5 were made by the fluorimetric 
method, and all the other tests by the colorimetric 


method. SUMMARY 


The use of glyoxal in the estimation of aromatic 
amidines is described. 

I wish to thank Dr H. King and Dr J. Walkerforsupplying 
the compounds, and Dr D. G. Evans for the animal experi- 
ments. 


Table 1. Blood amidine concentration of guinea-pigs after 100 mg. of V 187 


Blood concentration (mg./100 ml.) at hr. after dose 








Animal 
no. 


c 


t 


48 


Route 
Intramuscular 
* 
99 
By mouth — 


1 
3-0 
3-2 
3-0 


2 5 


<1; 
<i: 
1: 


0-2 
0-4 


0-22 
0- 


Table 2. Excretion of amidine by guinea-pigs after 100 mg. of V 187 


Drug in urine (mg.) 


hr. after dose 
Animal . 


Route 6-24 


a 
24 24-48 48-72 0-72 0-24 


Drug 
in 
intestine 
~ at 72 hr. 

24-48 48-72 (mg.) 


Total 
in 
faeces 
(mg.) 


Drug in faeces (mg.) 
hr. after dose Re- 

‘ covery 

(mg.) 
78-2 





Intramuscular 19-9 78-2 


78-4 





7-0 
16-2 


78-4 
78-7 

4-4 
10-4 


By mouth 


” 


78-7 

49-1 

47-7 
7-3 
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This work concerns the degradation of starch to 
glucose by enzymes of Clostridium acetobutylicum, 
a stage in the butanol-acetone fermentation which 
has so far been little investigated. Previous workers 
have mainly used growing cultures of Cl. aceto- 
butylicum, though Robinson (1922) showed that 
starch (and other carbohydrates) were fermented 
by toluene-treated cell suspensions. In the present 
work we have used cell-free enzyme preparations 
obtained from culture filtrates of Cl. acetobutylicum 
(Weizmann). If the organism be grown in media 
containing maltose as the only carbohydrate, the 
culture filtrates contain a maltase but have no 
starch-splitting activity; if grown in media con- 
taining starch, culture filtrates contain both a 
maltase and an amylase. The properties of both 
these enzymes have been studied, and the amylase 
has been partially purified. 


METHODS 


Estimation of reducing sugars. The activities of both 
enzymes were followed by measurement of the reducing 
groups set free by their action, using a modification (C. 8S. 
Hanes, unpublished) of the method of Somogyi (1937). 

Solution A is made by dissolving 50 g. anhyd. Na,CO,, 
25 g. Rochelle salt, 7-5g. CuSO,.5H,O, 160g. anhyd. 
Na,SO, and 1-5 g. KI, in the order given, in 750 ml. boiling 
distilled water; on cooling, 0-75 g. KIO, is added and the 
volume made up to 11. It is stored at 37°. 

Solution B is a mixture of equal volumes of 5% KI and 
5% neutral potassium oxalate, mixed immediately before 
use. 

The unknown solution (5 ml.), containing up to 3 mg. 
maltose or 1-5 mg. glucose, is heated with 5-0 ml. of 
solution A in a boiling water-bath for 15 min. After rapid 
cooling to room temperature, 2 ml. solution B, followed by 
3 ml. 2n-H,SO,, are added; the solution is allowed to stand 
3 min., and titrated with 0-01 M-Na,S,0,, with 1% starch 
in saturated NaCl as indicator. 

The calibration figures for maltose and glucose are: 





Titre (ml. of Amount of sugar taken (mg.) 
0-01 m-Na,S,0,) - A . 
with 05 10 15 20 25 30 3-5 


0-92 1-92 2-91 3-90 4-91 5-97 7-05 


(a) for maltose 
1-78 3-62 553 747 — — — 


(6) for glucose 
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Measurement of amylase activity 


Reduction method. We define 1 reduction unit of amylase 
activity as that amount of enzyme which produces reducing 
substances equivalent to 7-5 mg. maltose in 30 min. at 37°, 
when allowed to act on 2 ml. 1% soluble starch and 1 ml. 
m-acetate buffer of pH 4-6, in a total volume of 4 ml. 
Mixtures were deproteinized by the method of Somogyi 
(1931) and reducing sugar in a portion of the filtrate deter- 
mined by the above technique. Since the amount of re- 
ducing sugar produced is not a linear function of the enzyme 
concentration (Fig. 4), the number of reduction units of 
enzyme in an unknown solution is found by interpolation 
from this standard curve. 

Iodine colour method. Cl. acetobutylicum amylase brings 
about the conversion of starch to substances giving no 
colour with iodine. Suitably diluted enzyme solution (2 ml.) 
is mixed with 1 ml. 1% soluble starch and 1 ml. M-acetate 
buffer (pH 4-6) and incubated at 37°. Samples are with- 
drawn at intervals and tested with iodine, and the time 
taken to reach the ‘achromic point’ noted. The iodine-colour 
unit of amylase activity is defined as the amount of enzyme 
which reaches the achromic point in 1 hr. under the above 
conditions. Up to an enzyme concentration of 20 units, 
the time taken to reach the achromic point is inversely 
proportional to the enzyme concentration. 

The iodine colour method is more convenient than the 
reduction method, and though less accurate, is useful for 
preliminary experiments. When the same enzyme solution 
is measured by both methods, it is found that 1 reduction 
unit =7-1 iodine-colour units. 


Measurement of maltase activity 


We define one maltase unit as the amount of enzyme 
bringing about the hydrolysis of 5 mg. maltose in 1 hr. at 
37°, when allowed to act on 2 ml. 1-5% maltose and 1 ml. 
0-2M-acetate buffer of pH 4-25, in a total volume of 6 ml. 
The methods used for deproteinization and measurement 
of reducing substances were as previously described. The 
relationship between enzyme concentration and maltose 
hydrolyzed is linear over the range 0-5-1-5 maltase units. 


RESULTS 
The maltase of Cl. acetobutylicum 


Preparation of the maltase. Culture filtrates of 
Cl. acetobutylicum grown in a maize-meal medium 
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contain a maltase associated with an amylase. 
Grown in a yeast-autolysate medium with maltose 
as sole source of carbohydrate, the organism pro- 
duces only maltase. When grown in yeast-autolysate 
medium with glucose or sucrose as carbohydrate 
source, neither the maltase nor the amylase is 
produced. Less maltase was produced in the yeast- 
autolysate-maltose medium than in the maize-meal 
medium, but the former medium had the advantage 
that it contained less protein impurities. 

Active enzyme preparations were obtained as 
follows: 


Two l. of 1% yeast autolysate medium (Weizmann & 
Rosenfeld, 1937), containing 2% maltose and adjusted to 
pH 7-0, were inoculated with 20 ml. of a 40 hr. maize-meal 
culture of Cl. acetobutylicum (Weizmann), incubated 60 hr. 
at 37°, centrifuged, and filtered through paper-pulp. The 
filtrate was concentrated in vacuo (below 35°) to 60-70 ml., 
dialyzed for 24 hr., and insoluble material removed by 
centrifuging. The water-clear, pale yellow supernatant had 
an activity of c. 1 maltase-unit/ml., and a dry weight of 
c. 15 mg./ml. Treatment with tricalcium phosphate gel, 
which adsorbed a good deal of protein impurity but no 
enzyme, brought about further purification. 

The same method was used for the enzyme produced in 
maize-meal medium; the maltase had the same properties 
in either case. 


Properties of the maltase. The pH-activity curve 
(Fig. 1) of the maltase shows the pH optimum at 
4-5, which is approximately the final pH of a fer- 
menting maize-meal culture. 
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Fig. 1. Effect of pH on maltase activity. 2 ml. enzyme, 
2 ml. 1-5% maltose, 1 ml. 0-2m-acetate buffer and 1 ml. 
water incubated 60 min. at 37°. 


The velocity of hydrolysis by the maltase is 
Maximal at a maltose concentration of 0-02m; the 
half-speed concentration is 0-0016m. There is a 
linear relationship between enzyme concentration 
and velocity of hydrolysis up to enzyme concentra- 
tions of 1-5 units/ml. Fig. 2 shows a progress curve. 
After 4 hr. incubation, the reducing substances 
liberated reached 96% of the theoretical amount 
calculated for complete conversion of maltose to 
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glucose. That the action of the enzyme is the splitting 
of one molecule of maltose to two molecules of 
glucose was confirmed by the isolation of glucos- 
azone. 


Hydrolysis of maltose (%) 


100 
Min. 


Fig. 2. Progress curve of maltose hydrolysis. 9 ml. enzyme, 
6 ml. 1-5 % maltose and 3 ml. 0-2m-acetate buffer pH 4-23 
incubated at 37°; samples withdrawn at intervals. 


100 ml. of 6% maltose were incubated at 37° with 50 ml. 
enzyme in m/3 acetate buffer (pH 4-6) until hydrolysis was 
complete (96 hr.). The solution was evaporated to dryness 
under reduced pressure, and extracted with two 50 ml. 
portions of boiling 90% ethanol. The extracts were evapo- 
rated to dryness, taken up in 50 ml. water, and the phenyl- 
osazone isolated in the usual way. Yield 6 g.; recrystallized 
twice from ethanol, m.p. 207°; m.p. of authentic glucosazone 
208°; mixed m.p. 207°. Found: C, 61-3; H, 6-2; N, 15-3%. 
Cale. for C,,H,.0,N,: C, 60-2; H, 6-15; N, 15-6%. 


The enzyme thus appears to be a typical maltase, 
differing from other maltases (e.g. yeast, pancreatic) 
only in its considerably more acid optimum pH. 
It appears to be a specific maltase and not an 
a-glucosidase, since it does not hydrolyze other 
a«-glucosides such as sucrose. 


The amylase of Cl. acetobutylicum 


Purification of the amylase. 41. of 5% maize-meal sus- 
pension, sterilized by autoclaving for 2 hr. at 120°, was 
rapidly cooled to 37°, inoculated with 40 ml. of a 48 hr. 
culture of Cl. acetobutylicum in the same medium, and incu- 
bated at 37° for 40 hr. The culture was centrifuged and 
filtered through kieselguhr, giving c. 3-61. of clear yellow 
liquid (stage 1) which was concentrated in vacuo (below 35°) 
to 200-250 ml. The brown, sticky concentrate (stage 2) was 
dialyzed for a few hours against running tap water; the 
dialysis sac was then transferred to a beaker and packed 
with solid (NH,),SO, and left for 16 hr. The contents of the 
dialysis sac were centrifuged and the supernatant layer 
discarded. The dark brown, sticky precipitate was taken 
up in a minimum amount of water, dialyzed against glass- 
distilled water overnight, and insoluble material removed 
by centrifuging, giving c. 100 ml. of supernatant liquid 
(stage 3). 


The next step was adsorption of the enzyme on 
starch (cf. Holmbergh, 1933; Tokuoka, 1937). Ad- 
sorption is favoured by fairly high concentrations 
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of ethanol and inhibited by salts; in the complete 
absence of salts, however, the enzyme is unstable 
to 50% ethanol, so that sufficient salts must be 
added to stabilize the enzyme without hindering 
adsorption. 
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Fig. 4 shows that the amounts of reducing sub- 
stances produced by varying amounts of enzyme 
in 30 min. are not strictly proportional to the amount 
of enzyme, being relatively less with higher enzyme 
concentrations. Consequently, Fig. 4 must be used 


Table 1. Purification of amylase 


Amylase activity 


(a) (5) Iodine 3 
Volume (iodine (reduction Ratio units/mg. Amylase units (a) 
Stage (ml.) units/ml.) units/ml.) (a)/(b) dry matter Maltase units 
1 3600 0-6 — _ 0-04 a 
2 250 8-3 1-17 7-1 0-04 0-9 
3 100 15-7 2-16 7-26 0-36 2-9 
4 25 48-0 6-8 7-08 11-7 16-5 


To the dialyzed solution (stage 3), Na,SO, was added to 
make 1%, and the solution cooled in ice; an equal volume 
of cooled ethanol was added and an insoluble precipitate 
(mostly polysaccharides) centrifuged off. One ml. of a 
12-5% suspension of potato starch in 50% ethanol was 
added to each 10 ml. of supernatant, and adsorption allowed 
to take place for 2 hr. at 0°, with frequent shaking. The 
starch was centrifuged off and the amylase eluted from it 
with two successive 10 ml. portions of 0-04M-phosphate of 
pH 5-8. Both elutions were carried out at 37°, with frequent 
stirring, for 20 min., and the combined eluates thoroughly 
dialyzed (stage 4). 

Table 1 gives details of purification and yields at 
each stage of a typical preparation, the final purifi- 
cation being 300-fold, with a 58 % yield. The purifi- 
cation process removes c. 95 % of the accompanying 
maltase, but it could not be removed completely. 
Solutions of the purified enzyme are stable for some 
weeks at 0°. They may be dried from the frozen 
state without loss of activity; the dried product is 
stable for long periods. 
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Fig. 3. Effect of pH on amylase activity (reduction method). 
1 ml. enzyme, 1 ml. 0-5m-phosphate-citrate buffers of 
varying pH and 2ml. 1% soluble starch incubated 
30 min. at 37°. 


Properties of the amylase. The pH-activity curve, 
measured by the reduction method, shows a pH 
optimum at 4-8 (Fig. 3). The enzyme has the same 
activity in acetate and citrate-phosphate buffers of 
the same pH. 


as a calibration curve when the activity of an enzyme 
solution of unknown strength is to be measured. 


Maltose formed (mg./30 min.) 


0 
0 1-0 2°0 3-0 


Amylase concentration (reduction units/4 ml.) 
Fig. 4. Effect of enzyme concentration on amylase activity 
by reduction method. 1 ml. m-acetate buffer pH 4-63, 


2 ml. 1% soluble starch and varying amounts of enzyme 
incubated 30 min. at 37° in a total volume of 4 ml. 
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Fig. 5. Effect of enzyme concentration on amylase activity 
by iodine-colour method. 1 ml. m-acetate pH 4-63, 1 ml. 
1% soluble starch and varying amounts of enzyme, in 
a total volume of 4 ml., incubated at 37° until iodine 
colour disappeared. 


Fig. 5 shows the effect of enzyme concentration 
measured by the iodine-colour method. While the’ 
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reduction method measures the amount of change 
occurring in a given time, the iodine-colour method 
measures the time required to effect a certain 
change; in this case the time is inversely propor- 
tional to enzyme concentration over a wide range. 

The velocity of hydrolysis (reduction method) 
reaches a maximum at a_ starch-concentration 
of 7-5mg./ml.; the half-speed concentration is 
2-08 mg./ml. (Fig. 6). The time taken to hydrolyze 
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Maltose formed (mg./30 min.) 
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Initial starch concentration (mg./ml.) 


Fig. 6. Effect of starch concentration on amylase activity 
by reduction method. 1 ml. enzyme, 1 ml. M-acetate 
pH 4-63 and 2 ml. starch solutions of varying concentra- 
tion, incubated 30 min. at 37°. 


Iodine decolorization time (min.) 


0 5 10 15 
Initial starch concentration (mg./ml.) 

Fig. 7. Effect of starch concentration on iodine-decoloriza- 

tion time. 1 ml. enzyme, 1 ml. M-acetate pH 4-63 and 

2 ml. starch solutions of varying concentration, incubated 

at 37° until iodine colour disappeared. 


varying amounts of starch, however, as measured 
by the iodine-colour method, is directly propor- 
tional to the starch concentration (Fig. 7). 

Unlike some amylases, the amylase of Cl. aceto- 
butylicum is not activated by chloride or phosphate 
ions. None of the following substances: KCN, 
MgCl,, NaF, NaH,AsO,, iodoacetate, phlorrhizin, 
maltose, inulin, cysteine and catechol, had any effect 
on the enzyme in concentrations up to 0-01 mM. CuSO, 
in concentrations of 0-001 and 0-0001M gave 95 and 
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60% inhibition respectively. Ascorbic acid and 
dihydroxymaleic acid (0-0lm) gave 92 and 88% 
inhibition respectively, the inhibition being reversed 
by 0-02mM-KCN. These effects are exactly similar to 
those found by Hanes (1935) for malt amylase. 
Dextrin and glycogen are both hydrolyzed by the 
enzyme, though more slowly than starch; inulin is 
not attacked (Table 2). 


Table 2. Action of the amylase on various 
polysaccharides 


(1 ml. purified enzyme incubated 30 min. at 37° with 
1 ml. m-acetate buffer, pH 4-63, and 2 ml. 1% substrate.) 


Reducing substances 
liberated, calc. as maltose 


Substrate (mg.) 
Starch 10-9 
Dextrin 6-0 
Glycogen 6-4 
Inulin 0-0 


Mode of action of the amylase on starch and the 
nature of the end-products 


Fig. 8 shows progress curves of (a) a crude amylase 
preparation of high maltase content and (6) a puri- 
fied amylase of low maltase content, both solutions 





> Calcula % 
© micas ee eS. 
8 
z 180 
> 160 
co 
~ 140 
8 
3 120) 
Ss 
2S -W0P-g---s0t------27-----j----------- 20 
3s ' 
° 80 100% maltose ‘ 
= ' 
S 0 : 
' 
3 # ' 
> ; 
z” 3 
> 0 - 
= -— 3 aS CY US Oe Cee a. 2 


Fig. 8. Progress-curves of crude and purified amylase. 
5 ml. enzyme, 5 ml. M-acetate pH 4-63 and 10 ml. 1% 
starch incubated at 37°; samples withdrawn at intervals 
for estimation of reducing substances. Ratio of amylase 
activity/maltase activity = 2-9 for crude enzyme, 16-5 for 
purified enzyme. 


containing 50 amylase units/ml. In the early stages 
of the reaction, until about 70% of the theoretical 
reducing groups (calculatéd as maltose) had been 
liberated, the two curves were identical; thereafter 
they diverged, and while the low maltase prepara- 
tion slowed down markedly after reducing groups 
equivalent to 100 % maltose had been liberated, the 
high maltase preparation proceeded to convert the 
starch 100% into glucose. This strongly suggests 
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that the action of a completely maltase-free amylase 
would cease altogether after reducing groups equi- 
valent to 100 % maltose had been liberated, and that 
further conversion to glucose is entirely due to the 
maltase present as impurity, and not to the amylase 
itself. Reference to the two curves of Fig. 8 shows 
that, after the 100% maltose stage, the rates of 
liberation of further reducing groups were propor- 
tional to the maltase contents of the two prepara- 
tions. 

The complete conversion of starch to glucose by 
the combined action of the two enzymes was con- 
firmed by isolation of glucosazone in 90% yield. 

100 ml. 5% starch paste were incubated at 37° with 
50 ml. (750 iodine-colour units) of a crude amylase prepara- 
tion of high maltase content until hydrolysis was complete 
(96 hr.). The solution was evaporated to dryness and ex- 
tracted with boiling 90% ethanol as previously described 
(this, in addition to deproteinizing, removes any starch or 
higher dextrins). Glucosazone was isolated as before: yield, 
4-5 g.; m.p. 207°, mixed m.p. 206-5°; found: C, 61-0; H, 6-3; 
N, 15-0%. No maltosazone was found. 

Attempts to isolate maltose were only partially 
successful, owing to the difficulty of removing the 
last traces of maltase from the amylase. In one 
experiment 20 ml. of an amylase preparation of 
highest purity and lowest maltase content were 
incubated with 50 ml. of 5% starch paste, and the 
reaction stopped at an early stage (just before the 
iodine colour disappeared) in order to minimize 
conversion of maltose to glucose. On working up 
as before, only a small amount of glucosazone sepa- 
rated at 100°, and was filtered off on a hot funnel. 
From the filtrate about 1 g. of an osazone, soluble 
in hot water, separated on cooling (no such osazone 
had been found in the previous experiment). Micro- 
scopic examination of the repeatedly recrystallized 
material showed it to consist mainly of crystals 
which from their shape were undoubtedly malt- 
osazone, contaminated with amorphous material 
which could not be separated. This was probably 
the so-called ‘iso-maltosazone’ which is thought to 
be a mixture of osazones of short-chain dextrins. 


DISCUSSION 
Early workers on amylases believed their action to be 
a simple quantitative splitting of starch to maltose. 
Recent work (e.g. Hanes, 1937) has disclosed greater 
complexities in amylase action, and marked differ- 
ences between amylases of different origin. 
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Holmbergh, O. (1933). Biochem. Z. 258, 134. 
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Somogyi, M. (1931). J. biol. Chem. 90, 725. 


D. J. D. HOCKENHULL AND D. HERBERT 





REFERENCES 





1945 


Malt «-amylase, for example, forms no maltose at 
all and liberates only 33% of the theoretical re- 
ducing groups; the end-products are reducing dex- 
trins, probably containing six glucose units, and 
giving no colour with iodine. Malt B-amylase, on 
the other hand, splits starch into maltose (60%) 
and «-amylodextrin, a non-reducing 12-unit dextrin 
giving a purple colour with iodine, which is not 
further attacked by the enzyme. The action of 
salivary and pancreatic amylases also ceases when 
less than the theoretical amounts of maltose (c. 80 
and 65% respectively) are produced (Hanes & 
Cattle, 1938). This cessation is not due to inactiva- 
tion of the amylases, as addition of fresh enzyme 
has no effect ; it is usually attributed to the formation 
of ‘residue dextrins’ not further attacked by the 
enzyme. Yet a fourth mode of action is displayed 
by the amylase of Aerobacillus macerans, which 
converts starch completely to non-reducing dextrins 
(of which the crystalline «- and f-dextrins of 
Schardinger are components), without formation of 
maltose or glucose, or liberation of reducing groups 
of any kind (Tilden & Hudson, 1939). 

The Cl. acetobutylicum enzyme, however, seems 
to be an example of the (apparently rather rare) 
type of amylase which converts starch completely 
to maltose, with no other stable by-products. Hence 
the combined action of the amylase and maltase in 
Cl. acetobutylicum culture filtrates gives 100 % con- 
version of starch to glucose. If short-chain dextrins 
are formed as intermediates, the enzyme is pre- 
sumably capable of splitting them completely to 
maltose. 

SUMMARY 


1. Cell-free culture filtrates of Cl. acetobutylicum 
contain an enzyme system which converts starch 
quantitatively to glucose. 

2. This conversion is brought about by the suc- 
cessive action of two enzymes, an amylase and a 
maltase. . 

3. The properties of the enzymes are described. 
The amylase has been purified some 300-fold. 


This investigation was originally suggested by Dr Marjory 
Stephenson, to whom we wish to express our thanks. Dr 
C. S. Hanes invited us to publish the details of his method 
for determining reducing groups. We are grateful to him 
for allowing us to use the method, and for much useful 
advice. One of us(D. J. D. H.) thanks the Careswell Founda- 
tion for a research grant. 
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Effects of Magnesium Chloride and Manganous Nitrate upon 
the Content of Ascorbic Acid in Soybean during Germination, 
with Observations on the Activity of Ascorbic Acid Oxidase 


By T. SHEN, K. M. HSIEH anp T. M. CHEN, The Physiological Laboratory, 
Tsinghua University, Kunming, China 


(Received 9 November 1944) 


The effect of chemical substances upon the ascorbic 
acid content of seeds during germination has been 
investigated. In wheat seedlings, Gal (1938) re- 
ported that various kinds of organic acids in a 
concentration of 5: 1000 caused an increase of 
40-50 % in the amount of ascorbic acid present, and 
some inhibition of germination. By germinating 
Bengal Gram (Cicer arietinum), Rudra (1938) found 
that minute quantities of manganese added to dis- 
tilled water for germination favoured ascorbic acid 
synthesis. In this connexion it is interesting to note 
that manganese in the form of manganous sulphate, 
when added to the soil, increased the ascorbic acid 
content in tomato pulp (Hester, 1941). 

It might be thought that the ascorbic acid formed 
in the seed during germination is dependent upon 
reserve food material, though the specific nature of 
the precursor is not known (King, 1939); that 
enzymes, probably including ascorbic acid oxidase, 
play a role in the synthesis; and that effects of some 
chemical substances on the ascorbic acid content of 
germinated seed are through their actions on en- 
zymes. With these possibilities in mind, we made an 
investigation of effects of MgCl, and Mn(NO,), upon 
the content of ascorbie acid in soybean during 
germination, with special observations on the ac- 
tivity of ascorbic acid oxidase. 


METHODS 


Germination of soybean. The dry beans were obtained 
from Kunming market. Only the mature seeds nearly of 
the same size were used for germination. Three hundred 
beans were washed with distilled water and loaded in each 
bag made of cotton towel. They were soaked in distilled 
water for 24 hr., then hung up for 24 hr., and were soaked 
in water once every 24 hr. Germination took place in the 
dark at a room temperature which varied from 17 to 24°. 
To learn whether germination will take place satisfactorily 
in this manner and how fast the sprout will grow under 
these conditions, observations were made on eight bags of 
germinated beans, each of which contained 300 seeds. The 
beans in the eight bags were germinated in the same manner 
as we have just described and at the same time. The results 
are tabulated in Table 1. 


Table 1. Growth of the sprouts of soybean under 
experimental conditions 


Length of the sprout 
(epicotyl, hypocotyl and radicle) 
eee 





Days of Mean Mode Range 
soaking (em.) (em.) (cm.) . 
2 0-72 0-1 (78)* 0-1 
3 2-22 2-3 (65) 0-5 
4 4-03 4-5 (39) 0- 8 
5 5-15 6~7 (20) 0-12 
6 7-27 6-7 (16) 0-15 
7 9-18 6-7 (12) 0-23 
8 11-67 6-7 (8) 0-25 
9 12-42 8-9 (11) 29 


* Percentage of beans in the class of the mode is given 
in parenthesis. 


Stage of germination. The length of the sprout as well as 
the number of days after the beginning of the soaking 
process were chosen arbitrarily. 


Stage of Days of Length of sprout 

germination soaking (cm.) 
I 2 0-1 

II 3 2-3 

Ill 4 4-5 

IV 5 6-7 

¥ 6 8- 9 

VI 7 10-11 

8 12-13 


VII 
Method of estimating ascorbic acid. In the present study 
the content of l-ascorbic acid was estimated. No effort was 
made to estimate the reversibly oxidized ascorbic acid in 
the germinated bean. Harris & Olliver’s working directions 
for estimating ascorbic acid by titration’ against 2:6-di- 
chlorophenolindophenol (Harris & Olliver, 1942) were fol- 
lowed with some changes due to lack of certain materials. 
The changes were the omission of metaphosphoric acid, the 
use of copper-free redistilled water only in preparing reagents 
and the use of boiling 8% acetic acid in extraction. It was 
found that ordinary distilled water used only in diluting 
the extract would not lower the titration value to a signi- 
ficant extent, if the reagents were prepared with copper-free 
water. It was also found that boiling 8% acetic acid, when 
enough was used to cover the beans before grinding, would 
arrest almost completely the activity of ascorbic acid 
oxidase. 
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The detailed procedure used was as follows. The 300 ger- 
minated soybeans in a bag were sampled in a chamber 
into which only red light could pass. Cotyledons (5 g.) or 
sprouts (2 g.) were covered by 25 ml. of boiling 8% acetic 
acid and ground in a glass mortar. The material was after- 
wards transferred into a flask and diluted to 100 ml. with 
ordinary distilled water. The titration was then done imme- 
diately with a microburette. Blank tests were also made 
on all the reagents. The standard solution of ascorbic acid 
was prepared just before being used. The 2:6-dichloro- 
phenolindophenol solution was prepared without meta- 
phosphoric acid. It was not kept for longer than 5 days. 

Method of estimation of ascorbic acid oxidase. The activity 
of ascorbic acid oxidase was estimated by titrating a known 
solution of ascorbic acid incubated with some ground soy- 
bean in distilled water at room temperature for 10 min. 
The amount of ascorbic acid destroyed could thus be esti- 
mated. Only redistilled water free from copper and micro- 
organisms was used to prepare the reagents and to dilute 
the ascorbic acid solution before titration. 

The detailed procedure is as follows. Grind 0-5 g. of 
cotyledon or 0-2 g. of sprout with 3 ml. of water in a glass 
mortar. Transfer with 2 ml. of H,O into a 150 ml. flask. 
Add 1 ml. of ascorbic acid solution (about 2 mg./ml.). Let 
the mixture stand for 10 min. at room temperature. Dilute 
to 50 ml. with H,O and acidify with 2 drops of glacial acetic 
acid: Titrate against 2:6-dichlorophenolindophenol solu- 
tion, 1 ml. of which is equivalent to approximately 0-4 mg. 
of ascorbic acid. 

The activity of ascorbic acid oxidase was expressed by 
the percentage of ascorbic acid destroyed, the calculation 
of which is shown below: 

The percentage of ascorbic acid destroyed 


4k __ascorbic acid | left ). 100 
ZS ( ascorbic acid added 
-(1 ~5=R) « 100. 


In the above equation, 

A =The titration value of 1 ml. ascorbic acid incubated 
with a ground paste of 0-5 g. cotyledon or of 0-2 g. 
sprout. 

B, =The titration value of 0-5 g. cotyledon or 0-2 g. sprout. 

B,=The titration value of 50 ml. acidified H,O. 

C =The titration value of 1 ml. ascorbic acid solution. 


RESULTS 


The change of ascorbic acid content in the cotyledons 
and in the sprout of an average soybean during ger- 
mination. In the course of mastering our technique 
of estimating the ascorbic acid content in the soy- 
bean sprout, we measured 720 germinated beans 
for fresh weights of cotyledons and of sprouts at 
different stages of germination. Triple estimations 
of ascorbic acid content in a 5 g. portion of cotyle- 
dons and in a 2g. portion of sprouts were made, 
and the number of milligrams of ascorbic acid per 
100 g. fresh cotyledons or sprouts was calculated. 
Based upon these data, the content of ascorbic acid 
in an average soybean during germination could be 
found. The results are tabulated in Table 2 
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Table 2. The ascorbic acid content in an average 
soybean during germination 


Ascorbic acid (yg.) 


Fresh weight (g.) content of 
Stage of ——— FF 
germina- Cotyle- Cotyle- 
tion dons Sprout dons Sprout 
I 0-377 — —_ 17-2 
IT 0-343 0-049 44-4 li 6 
Ill 0-336 0-094 55-2 17-7 
IV 0-333 0-147 61-5 23-2 
~ 0-346 0-220 64-7 27:3 
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Fig. 1. The change of the activity of ascorbic acid oxidase 


in an average soybean during germination. 


The activity of ascorbic acid oxidase in soybean 
during germination 


The activities of the oxidase in cotyledons and 
in sprouts were tested at different stages in dupli- 
cates and were expressed as percentages of ascorbic 
acid destroyed. If we assumed that the oxidase 
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activity increased in a direct proportion to the 
amount of cotyledons or sprouts used in the test, 
we could find out the change of the oxidase activity 

) in an average soybean during gérmination. The 
results are shown in Fig. 1. 


Effects of MgCl, and Mn(NO3), upon the content 
of ascorbic acid in soybean during germination 


The effect of Mn(NO,), was first studied with a set of 
beans germinated in distilled water as controls. The effect 
of MgCl, was studied later with another set of controls. 
The stock solutions of MgCl, and Mn(NO,),. were prepared 
beforehand. They were diluted with distilled water before 
use. The final concentration of the metallic ions in the salt 
solutions was approximately 10 p.p.m., when the degree of 
ionization of these salts was assumed to be unity. Solutions 
for soaking the beans in the experimental groups as well as 
the distilled water in the control group were renewed every 
other day. 


The results are given in Tables 3 and 4. In these 
tables, the averages for every five estimates are 
presented. 


Table 3. Ascorbic acid contents of soybean 
germinated in water and in Mn(NO3), solution 


Ascorbic acid 
(mg./100 g. fresh material) 


a 
In cotyledons In sprouts 
Stage of H,O Mn H,O Mn 
germination group group group group 
i 6-8 5-6 —_ = 
Til 9-4 10-5 13-3 14-7 
IV 12-7 i4-0 15-1 18-3 
Vv 13-1 14-7 8-2 8-0 
VI 13-6 14-7 6-7 6-8 
vil 15-8 16-4 5-5 4-9 
Average 11-90 12-65 9-76 10-54 
Difference 0-75* 0-78 
(6-3 %) (8-0%) 


_ * If the second stage of germination were not taken 
into consideration the difference would be 1-14 or 9-6%. 


Table 4. Ascorbic acid contents of soybean 
germinated in water and in MgCl, solution 


Ascorbic acid 
(mg./100 g. fresh material) 


In cotyledons In sprouts 
—— eee 
Stage of H,O Mg H,O Mg 
germination group group group group 
II 10-0 11-8 — _ 
Il 10-9 14-2 17-4 20-2 
IV 12-0 12-5 11-6 13-2 
V 14-6 16-9 10-2 9-7 
VI 15-7 16-6 6-2 7:3 
VII 15-4 17-9 4:3 48 
Average 13-10 14-98 9-94 11-04 
Difference 1-88 1-10 
(14-4.%) (11-1%) 
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As observed under these experimental conditions, 
the effect of the salts upon the ascorbic acid content 
of soybeans throughout the whole process of ger- 
mination may be considered. The differences between 
the experimental group and the control group tested 
by means of Fisher’s ¢ value for small samples (Love, 
1936) showed that MgCl, treatment caused the 
significant increase of the ascorbic acid content in 
cotyledons by 14:4% with the odds more than 
99:1, while other differences might be considered 
insignificant with the odds less than 19: 1. 


Effects of MgCl, and Mn(NO,), upon the activity of 
ascorbic acid oxidase in soybean during germination 


The effect of MgCl, and Mn(NO,), upon the ac- 
tivity of ascorbic acid oxidase was investigated with 


‘another set of beans. The concentration of the salt 


solutions was the same as that used in the previous 
experiment. The results are given in Table 5. 


Table 5. The activity of ascorbic acid oxidase in 
soybeans germinated in H,O, MgCl, solution and 
Mn(NO,), solution 


Relative activity of oxidase 


H,0O group Mn group Mg group 
Stage — —~——_,, 
of ger- Cotyle- Cotyle- Cotyle- 
mina- don Sprout don Sprout don Sprout 
tion (0-5g.) (0-2g.) (05g.) (0-2g.) (0-5g.) (0-2g.) 
I 5 65 10 100 6 96 
Il 16 51 21 92 20 72 
Ill 19 80 28 82 28 81 
IV 25 80 31 84 33 92 
V 25 64 26 66 26 80 


A study of the results tabulated in Table 5 reveals 
that MgCl, treatment and Mn(NO,), treatment 
cause the activity of ascorbic acid oxidase to increase 
in both cotyledons and sprouts. 


DISCUSSION 


Lee & Read (1936) reported that soybeans ger- 
minated in the dark form increasing amounts of 
dehydroascorbic acid. Large amounts of this form 
arise from ascorbic acid by oxidation during the 
extraction of fruits and vegetables, especially when 
ascorbic acid oxidase is present (Harris & Olliver, 
1942). Lee & Read seem to be unaware of the 
presence of this enzyme in germinated soybean and 
their claim needs confirmation. In the present work 
care was taken to avoid the effects of oxidation 
and of the oxidase. 

The activity of ascorbic acid oxidase in cotyledons 
and in sprouts was found to be enhanced by the 
treatment of MgCl, and Mn(NO,),. It is, however, 
still uncertain whether the enhancement of the 
activity did occur in the intact germinated soybeans 
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or whether it happened when the sprouts and the 
cotyledons were ground and measured according to 
the procedure adopted. 

The relationship between the activity of ascorbic 
acid oxidase and the content of ascorbic acid in the 
soybean during germination is yet to be investi- 
gated. In the present study it was shown that both 
the ascorbic acid content and the oxidase activity 
increased, but at different rates as the germination 
of soybean proceeded. It is interesting to note that 
the activity of ascorbic acid oxidase in the sprout 
of an average soybean during germination is much 
greater than that in the two cotyledons, and the 
reverse is true for the content of ascorbic acid 
(Fig. 1 and Table 2). 

Magnesium chloride in a concentration of about 
10 p.p.m. of magnesium ion increases significantly 
the ascorbic acid content by 14-4% in cotyledons 
of soybean during germination. Manganous nitrate 
in the same concentration would also increase signi- 
ficantly the ascorbic acid content by 9-6% in 
cotyledons, if the earliest stage of germination were 
not taken into consideration (see Table 3). The 
t value for the mean difference, 1-14, is 7-00. Degrees 
of freedom are 4; odds are more than 99 to 1. This 
might be done on account of the slow imbibition of 
the beans in the Mn group at the early stages of 
germination. In both the Mn group and the Mg 
group the salt solution caused different growth rates 
of the sprouts as compared with that in the water 
group (Table 6). 


Table 6. Mean lengths in cm. of the sprouts of 
soybean germinated in water and salt solutions 


Days of soaking ... 23 34 44 54 63 


H,O group 0-72 2-22 4:03 5-15 17-27 
Mg group 065 2-10 407 624 8-58 
Mn group 0-64 2-23 412 620 8-06 


The delayed germination in the Mg group and 
the Mn group might be explained by slow imbibi- 
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tion, but the faster growth (elongation) in the later 
stages of germination needs clarification. It is yet 
to be investigated how the effect on growth is related 
to the effect on ascorbic acid content of the soybeans 
germinated in the solutions of MgCl, and Mn(NO,),. 

The actions of MgCl, and Mn(NO,), are not neces- 
sarily alike. The role of Mg as a carrier of phosphorus 
should lead us to inquire into the effect of MgCl, 
upon the hydrolytic changes in soybean cotyledons 
during germination, the findings of which will pro- 
bably help to explain its effect on ascorbic acid. 
Meanwhile the nature of ascorbic acid oxidase 
demands further investigation, particularly in the 
direction of elucidating the mechanism of the forma- 
tion of ascorbic acid in soybean during germination. 


SUMMARY 


1. The gradual increase in the content of ascorbic 
acid and the activity of ascorbic acid oxidase in 
soybean during germination is demonstrated. 

2. MgCl, and Mn(NO,), in a concentration of 
approximately 10 p.p.m. of the metallic ions cause 
some increase in the ascorbic acid content of the 
soybean germinated in the salt solutions in the dark. 
The 14-4% increase in the cotyledons caused by 
MgCl, treatment was considered to be significant. 

3. MgCl, and Mn(NO,), also enhance the activity 
of ascorbic acid oxidase in the soybean during ger- 
mination. 


We wish to express our sincere gratitude to friends at the 
Cornell Nutrition Laboratory for their gift of ascorbic acid 
and also to Dr Leslie J. Harris of Cambridge University 
for the supply of indophenol dye used in these experiments. 
We also wish to acknowledge our indebtedness to the 
British Council Cultural Scientific Office which has been a 
source of help and encouragement. Our thanks are also 
due to Drs P. S. Tang, H. C. Yin and C. H. Lou of this 
laboratory for helpful criticism, and to Prof. C. Y. Chang 
and Prof. T. T. Li of South-West Associated University for 
continued interest and encouragement in this work. 
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Formation of Haematins and Haemochromogens 


By E. J. KING anp G. E. DELORY, British Postgraduate Medical School, London, 
and the Royal Infirmary, Preston 


(Received 17 November 1944) 


In the course of studies on methods of estimating 
haemoglobin, observations were made which seemed 
to throw some new light on current theories of the 
formation of haematins and haemochromogens from 
haemoglobin and haemin. 


METHODS 


Preparation of purified haemin and haemoglobin (see 
Delory, 1943). Determination of the optical density of the 
various haematins and haemochromogens. An amount of 
haemin, or of haemoglobin (or blood), was dissolved in 
0-ln-NaOH so as to give a solution containing about 
0-45 mg. Fe/100 ml. 5 ml. of the solution were pipetted 
into each of two test-tubes. To the first were added 
5ml. of 40% pyridine (v/v) and to the other 5 ml. of 
0-1n-NaOH. The colours were read either in the King (1942) 
photoelectric colorimeter with a Chance green filter or in a 
Leitz colorimeter with a Hg-green filter. A small knife-point 
of sodium hydrosulphite was added to each tube, and 
after careful mixing the resulting colours were re-read in the 
colorimeter. The optical densities of the pigments were 
divided by the mg. Fe/100 ml. solution to give the specific 
extinction coefficients for a cell of 1 cm. thickness. The iron 
figure used was either the known iron content of the haemin 
or haemoglobin, or in the case of blood was calculated from 
the determined extinction coefficient relative to alkaline 
haematin (Clegg & King, 1942). 

For experiments with diethylamine, haemin or haemo- 
globin was dissolved in a 20% solution (v/v) of the organic 
base. As before it was arranged for the solution to contain 
about 0-45 mg. Fe/100 ml. 

Spectroscopic examination. A Beck-Hartridge reversion 
spectroscope was used. The calibrations of the instrument 
were checked with a neon lamp. For each experiment 
twelve readings were taken and the average recorded. 


RESULTS 


Table 1 shows the colour intensities of haemoglobin 
and haemin in 0-1N-NaOH. It will be seen that, 
iron for iron, haemoglobin gives over 30% more 
colour than, haemin (cf. Clegg & King, 1942). The 
absorption curves (Fig. 1), for which we are indebted 
to Mr 8. Y. Thompson of Reading, show that there is 
also a qualitative difference in colour. 

The findings with diethylamine are given in 
Table 2. Again there is a difference between the 
corresponding haemin and haemoglobin compounds. 
Table 3 gives the colour intensities of globin haemo- 
chromogen, pyridine haemochromogen and ‘blood 


Table 1. Comparison of the colours produced by 
haemoglobin and by haemin dissolved in NaOH, 
relative to their iron contents 


(Extinction coefficients, Z (Leitz colorimeter, Hg 5467), 
for 1 mg. haemoglobin-Fe, and 1 mg. haemin-Fe/100 ml. 
Mean values are given for 13 specimens of haemoglobin 
and 13 specimens of haemin.) 





E for 
cw : ~ 
Haemoglobin in Crystalline haemin in 
0-1n-NaOH 0-1n-NaOH 
(i.e. globin haematin) (i.e. haematin) 
0-996 +. 0-025 0-769 +. 0-009 
1*6 
1-4 
A 
1-2 
s 
Z 10 
— 
q 
3 0-8 
mA 
oo B 
0-4 
02 
0 L 
450 500 550 600 650 


Wave-length (my) 


Fig. 1. Spectrophotometric comparison of alkaline hae- 
matins from haemoglobin, A, and haemin, B. Photo- 
electric spectrophotometer; spectral impurity 10 mp. 


in pyridine’ haemochromogen. Whilst the extinction 
coefficients for globin and pyridine haemochro- 
mogens are almost equal, that of ‘blood in pyridine’ 
haemochromogen is perceptibly higher. Table 4 
shows similar results obtained in other experiments 
and with a different light filter (Chance yellow- 
green). It includes the specific extinction coefficients 
of globin and pyridine haematins and haemochro- 
mogens and the positions of the absorption bands of 
the haemochromogens. The colour intensities of the 
globin haemochromogens and the pyridine haemo- 
chromogen from pyridine and haemin are almost 
equal, but the pyridine haemochromogens from 
blood and haemoglobin show higher extinction 
coefficients. Reference to the spectroscopic readings 
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Table 2. Colour intensities of haemoglobin 
and haemin in diethylamine 





(Extinction coefficients, EH (photoelectric colorimeter, 
Chance green filter) for 1 mg. haemoglobin-Fe or 1 mg. 
haemin-Fe/100 ml. Mean values are given for 12 specimens 
of haemoglobin and 16 specimens of haemin.) 

E for 
c ; Y 
Haemoglobin in Crystalline haemin in 
20% diethylamine 20% diethylamine 
(i.e. diethylamine (i.e. diethylamine 




















+globin haematin) haematin) 
0-910+0-018 0-864 + 0-016 
Table 3. Colour intensities of globin haemochro- 





mogen, pyridine haemochromogen, and ‘blood in 
pyridine’ haemochromogen 






(Extinction coefficients, E (photoelectric colorimeter, 
Chance green) for 1 mg. of haemochromogen-Fe/100 ml.) 














E for 
Globin Pyridine ‘Blood in pyridine’ 
haemochromogen haemochromogen haemochromogen 
(blood in (haemin in (blood in 
0-1n-NaOH pyridine pyridine 
+Na,S,0,) + Na,S,0,) +Na,S,0,) 






(mean of readings (mean of readings (mean of readings 
for 28 specimens) for 10 specimens) for 23 specimens) 
1-48+0-09 1-47+0-03 1-59+0-09 
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Table 4. Colour intensities of haematins and haemochromogens, and spectral bands 
of the haemochromogens 
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sodium hydroxide solution, free haematin is formed 
together with free denatured globin. On reduction 
the conjugated protein haemochromogen is formed, 
which on reoxidation gives once more haematin and 
free globin. On Anson & Mirsky’s view, however, 
haemoglobin yields a conjugated protein in sodium 
hydroxide solution. Drabkin also favours this view 
(Drabkin & Austin, 1935). He believes that the 
conjugated protein can exist in either an oxidized 
(globin haematin or globin ferriporphyrin) or in a 
reduced (haemochromogen or globin ferroporphyrin) 
form. The two theories may be represented schema- 
tically as follows. 


Schemes for haematin and haemochromogen formation 
(1) Keilin 











Hb +NaOH reduction 
—> haematin + globin ————— haemochromogen. 
oxidation 
(2) Anson & Mirsky 
Hb +Na0OH reduction 
—> haematin-globin* — haemochromogen.* 





oxidation 


* A\ conjugated protein existing in either oxidized or 
reduced form. 


If Keilin’s view is correct, it would be expected 
that haemoglobin in sodium hydroxide soluticn 


















colorimeter, Chance yellow-green filter. 





in this table shows that the bands of the blood 
pyridine haemochromogen are between those of the 
globin haemochromogen and the pyridine haemo- 
chromogen from haemin. An interesting finding is 
that the wave-lengths of the « and B bands of the 
haemochromogens from purified haemoglobins are 
lower than those of the corresponding blood com- 
pounds. 









DISCUSSION 






Current theories of the formation of haematins and 
haemochromogens may be represented by those of 
Keilin (1926) and of Anson & Mirsky (1930). Ac- 
cording to Keilin, when haemoglobin is dissolved in 












A for 
E* for — a —, 
c +. «Bandof BBandof «Bandof £f Band of 
Globin Pyridine globin globin pyridine __ pyridine 
Alkaline haemo- Pyridine haemo- haemo- haemo- haemo- haemo- 
haema- chromo- haema- chromo- chromo- chromo- chromo-  chromo- 
tins gens tins gens gens gens gens gens 
Haemin 0-77 —_ 0-84 1-04 —_ _ 5548 5230 
Capillary blood 0-97 1-04 1-09 1-22 5576 5266 5557 5243 
Purified haemoglobin 0-97 1-02 1-07 1-20 5564 5250 5550 5231 
Washed cells 0-97 1-05 1-07 1-24 5575 5266 5557 5243 
Whole oxalated blood 0-97 1-04 1-08 1-23 5576 5266 5557 5243 


(Each figure is the average of 12 estimations.) 
* E stands for the specific extinction coefficient for 1 mg. pigment-Fe/100 ml. in a cell depth of 1 cm.; photoelectric 





would give a colour equal both quantitatively and 
qualitatively to that obtained with haemin of the 
same iron content. Our results indicate that this is 
not the case. We therefore conclude that a conju- 
gated protein is formed when haemoglobin is dis- 
solved in NaOH. 

With diethylamine we also find a discrepancy 
between the corresponding haemin and haemoglobin 
compounds, and it is suggested that the substance 
obtained from treating haemoglobin with the base 
is either a mixture of diethylamine haematin and 
globin haematin, or, more likely, a ‘double’ hae- 
matin in which both diethylamine and globin are 
conjugated with the haemin. Likewise with pyri- 
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dine. In both cases, the colour density is greater 
when haemoglobin is treated with the organic base 
than when an equivalent amount of haemin is 
treated with the organic base. The extinction coeffi- 
cient of the pyridine haemochromogen from haemin 
is almost equal to that of globin haemochromogen 
whilst those of the pyridine haemochromogens from 
haemoglobin and blood are considerably higher. 
This suggests again that we are dealing with a 
substance which is a mixed or ‘double’ globin+ 
pyridine haemochromogen. This is further suggested 
by the difference in the position of the absorption 
bands, those of the blood pyridine substance being 
between those of the other two. Drabkin & Austin 
(1935) have also noted a difference in the positions 
of the bands of haemin and haemoglobin pyridine 
haemochromogens. The difference between the pyri- 
dine haematins from haemin and haemoglebin re- 
spectively is consistent with the idea of a mixed 
haematin being obtained with haemoglobin. 

Two explanations may account for the fact 
that the absorption bands of the purified haemo- 
globin derivative are lower than those of the corre- 
sponding blood derivative: (1) the presence of sub- 
stances other than haemoglobin in blood; (2) degra- 
dation of the globin part of the haemoglobin mole- 
cule produced during the purification. The first 
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explanation seems less likely, since the positions of 
the absorption bands in the case of the blood are 
independent of its source, identical figures being 
obtained whether the blood is from normal indi- 
viduals or anaemic patients. The position of the 
absorption bands is also identical for whole blood 
and washed cells. 
SUMMARY 

1. The colours given by solutions of several 
haematins and haemochromogens prepared from 
haemoglobin and from haemin are compared. 

2. The results favour the theory that a conju- 
gated protein is formed when blood is dissolved in 
0-1n-NaOH, pyridine or diethylamine, with the 
haematin in the oxidized state. 

3. The haematins formed by haemoglobin when 
treated with diethylamine and with pyridine, and 
the haemochromogen it forms with pyridine, appear 
to be different from those formed by haemin, and 
may be mixed compounds containing globin as well 
as the organic base. 

4. The pyridine haemochromogen from purified 
haemoglobin differs slightly in the position of its 
spectral bands from that formed from blood. 


One of us (G. E. D.) is indebted to Dr F. B. Smith for 
his help and encouragement. 
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The Relationship between the Weight of Young Vitamin A-deficient 
Rats and the Increase in Weight after 8-Carotene Administration 


By MARY C. A. CROSS, The Pharmacological Laboratories, The College of the Pharmaceutical Society, 
University of London 


(Received 24 November 1944) 


Different workers hold different opinions on the 
correlation between a rat’s body weight and its need 
for vitamin A. Greaves & Schmidt (1936) claim to 
have shown, on the basis of changes in the vaginal 
contents, that within the limits of age and body 
weights of the rats used by them, the vitamin A 
requirements are independent of these factors. They 
used cod-liver oil as their source of vitamin A. On 
the other hand, using the same criterion, but a 
slightly different dosing technique, Goss & Guilbert 
(1939) found that the rat’s requirement of vitamin A 
was dependent on its body weight. The tests were 
carried out with £-carotene as well as cod-liver oil. 
Irving & Richards (1939) seemed to confirm this by 
using pathological changes in teeth and other organs 


as their criteria. These last workers treated their 
rats prophylactically, from weaning, with solutions 
of vitamin A. 

It was thought that some further light on this 
problem might be obtained by examining the weight 
response of rats deficient in vitamin A to the same 
daily dose of that factor. If, in fact, the rat’s re- 
quirement of vitamin A is proportional to its body 
weight, then the increase in weight in response to 
a given dose of that vitamin, after the rat’s stores 
have been depleted, should be in inverse proportion 
to its body weight at that time. For investigating 
this possibility, the results of vitamin A determina- 
tions carried out in this laboratory over many years 
were available. 
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EXPERIMENTAL 


The rats, after weaning, were fed on a vitamin A-free 
diet (Coward, Key, Dyer & Morgan, 1930), until 


35 + 





50 60 70 80 90 100 110 
Initial weight (g.) 
Fig. 1. 
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in weight during that time determined. Scatter 
diagrams were plotted relating the increase in 
weight and the initial weight of each rat. The 
results were taken in strict chronological order for 
experiments carried out from 1937-9. 
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Fig. 1. Relation between the increase in weight of rats during 3 weeks’ dosing with 1i.u. of vitamin A (f-carotene) 
daily and the weight at which the rat was first given its dose (i.e. its weight when it had ceased to grow on a diet 


deficient in vitamin A) (200 males). 
Fig. 2. 


deficient in vitamin A) (200 females). 


they were either just losing or had become steady 
in weight. This occurred at weights ranging from 
50 to 118 g. for the males and from 50 to 110 g. for 
the females. Half of the rats used in each determina- 
tion were then given a daily dose of one unit of the 
standard preparation of B-carotene. Their weights 
were recorded weekly for 3 weeks and their increase 


Relation between the increase in weight of rats during 3 weeks’ dosing with 1 i.u. of vitamin A (f-carotene) 
daily and the weight at which the rat was first given its dose (i.e. its weight when it had ceased to grow on a diet 


RESULTS 


Fig. 1 is plotted for 200 males and Fig. 2 for 200 
females dosed during the same period. 

It can be seen, without any statistical calculation, 
that there is no correlation between the initial body 
weight and the increase in weight after a dose of 
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vitamin A, and that there is no obvious difference 
between the sexes in this respect. Analysis of the 
results for a series of 50 animals taken chrono- 
logically from the two groups of 200 yielded a 
similar result, which showed that fluctuations in 
response over a long period of time were not masking 
any putative correlation between initial body weight 


and the increase in weight resulting from the ad- 


ministration of vitamin A. 
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SUMMARY 


When a rat, receiving a vitamin A-deficient diet, is 
given £-carotene in oil, there is no correlation be- 
tween the initial body weight and the increase in 
weight resulting from the administration of the 
vitamin. 


I wish to express my thanks to Dr K. H. Coward for her 
helpful advice and criticism. 
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